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SURVEYS 
UDC: 612.017.1.014.41 


IMMUNOBIOLOGICAL REACTIVITY OF THE BODY UNDER HYPERBARIC AND HYPOBARIC 
CONDITIONS 


Moscow KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHESKAYA MED(TSINA in Russian 
No 4, 1979 pp 3-7 


[Article by A. S. Kaplanskiy, submitted 14 Apr 78] 


[Text] In the course of man's conquest of space and oceans, he has to use 
an artificial habitat for a long time, and it often differs substantially 

in its parameters from the environment to which he adapted in the course 

of phylogenetic and ontogenetic development. The uniqueness of the new 
living conditions consists of the fact that man or a group of people must 
live and work in complete or partial isolation from the rest of the world, 

in sealed areas of limited size, using gas mixtures for respiration that 
differ from the composition of earth's atmosphere, with exposure to high 

and low pressures, sharp pressure fluctuations, etc. Yet, it is a known 

fact now [1-8] that isolation of an individual or group of individuals 

alone (not to mention other factors) leads to simplification of microflora, 
increase in aggressiveness thereof and increase in contamination of the 
habitat by microorganisms. All this leads to onset of autoinfectious diseases 
and cross infections, the adverse consequences of which to the inhabitants of 
spacecraft and autonomous underwater habitats would be difficult to exaggerate. 
If we consider that the state of man's defense systems also plays 4 substan- 
tial role in development of infectious diseases, it becomes obvious that 
there is a need to investigate the effects of different environmental factors 
on immunobiological reactivity of the body. The above-mentioned extreme 
factors, the effects of which on the body save not been sufficiently studied, 
include, first of all, high and low pressure. 


In this work, an effort was made to sum up the few data existing in the 
literature concerning the effects of hyperbaric and hypobaric gas mixtures 
on resistance to infections and immunobiological reactivity of the body. It 
must be noted that, for the purpose of differentiation between the effects 
of high and low pressure per os, we did not include studies in which part:lal 
oxygen pressure (PO2) in the gas mixture reached levels that had a toxic 
effect, as well as studies, in which there could have been manifestation of 
narcotic effects of inert gases. 




















Hyperbarism: The first information about the adverse effect of gas mix- 
tures at high pressure on man's resistance to conditionally pathogenic micro- 
flora were obtained in studies of divers, for whom there was a drastic in- 
crease in incidence cof colds [9] after numerous and, particularly, deep 
dives. These findings were confirmed in studies of the crews of the Chernomor 
and Sealab-2 submarines, who spent a long tome in a hyperbaric nitrogen and 
oxygen or helium and oxygen environment at depths of 15, 25 and 62 m. During 
their stay in the submarine abodes, the aquanauts often complained of appear- 
ance of suppurative skin lesions, dermatitis and eczema of the external 
auditory meatus, catarrhs of the respiratory tract [10-14]. It remained 
unclear as to whether onset of these diseases in aquanauts and divers was 
related to the adverse effect of hyperbaric gas mixtures or other factors 
instrumental in development of infectious processes (increased humidity, 
high or low ambient temperature, microbial contamination of habitat, emotional 
stress). Experimental studies of animals, in the course of which it was 
demonstrated that pneumonia induced by influenza virus or Kelbsiella 
pneumonia occurs in a much severe form in mice subjected to a hyperbaric 
helium and oxygen environment and involves a higher incidence of death 

than at normal barometric pressure, also failed to clarify this question 
completely [15-18]. In the opinion of some authors [15, 17, 18], the ad- 
verse effect of a hyperbaric environment on the course of an infectious 
process is attributable to overcooling of the animals as a result of in- 
creased heat transfer in a helium and oxygen atmosphere (no increase in 
severity of pneumonia in mice in a hyperbaric helium and oxygen environment 
was observed when the temperature in the pressure chamber was raised to 
35°C), whereas other authors [16] relate the more severe course of illness 

to the direct effect of hyperbaric helium on the animals, since elevation 

of temperature in the pressure chamber to 35°C in their experiments did not 
have a beneficial effect on the course of influenzal pneumonia in mice. Data 
indicative of the deleterious effect of long-term exposure to a helium and 
oxygen environment at a pressure of 35 kgf/cm* on animal resistance to 
endogenous microflora were obtained in experiments on rabbits, who developed 
skin lesions starting on the 5th-6th day in the pressure chamber [8, 19]. It 
is assumed that appearance of skin lesions in rabbits is related to their 
exposure to a set of factors: higher density of environment, more intensive 
neat transfer, activation of endogenous microflora and the latter is con- 
sidered to play a rather important role, since there was a significant 
decline of morbidity after improvement of the hygienic conditions. 


However, it should be noted that, along with data indicative of aggravation 
of diseases in hyperbaric environments, there are also observations that do 
not corroborate this finding. For example, in an aquanaut who contracted 
epideic viral parotitis during a stay in 4 4 helium and oxygen environment 
at a pressure equivalent to a depth of 180 m, the disease progressed in the 
same was as at normal pressure, and there was no impairment of production 
of immune globulins [20]. 





In spite of the contradiction of data, most researchers do find that hyper- 
baric nigrogen and oxygen and helium and oxygen environments at high pressure 
have a deleterious effect on development and course of infectious and 
inflammatory processes. 














Of course, the higter incidence of colds among divers and aquanauts prompted 
researchers to investigate the state of the body's defense systems responsible 
for resistence to infectious agents. In the course of these studivs, it was 
established that there is depression of natural immunity in divers and aqua- 
nauts, and this ts particularly distinct when diving to great depths (over 

100 a) (9, 12, 21-25]. Depression of natural immunity was manifested by 

@ decrease in bactericidal properties of skin and salival lysozyme, lowering 
ef blood complement titers, decreased absorptior and digestion capacity of 
blood neutrophils. Evidently, one should interpret the increase in number 

of colonies of conditionally pathogenic microorganism in skin impressions 

of divers after repeated deep dives as the result of impairment of bactericidal 
properties of the skin [23]. At the same time, leukocytosis, elevation of 
level of C resctive protein and titers of normal antibodies in blood, which 
were observed in a number of instances in aquanauts [12, 24], are most 
probably the consequence of a developed infectious-inflammatory process. 

Data indicative of presence of neutrophilia and lymphopenia in the blood of 
divers after numerous dives merit special attention [9, 11]. Since analogous 
blood changes are also often encountered in the presence of acute stress, 
there is reason to believe that stress can develop during diving as a result 
of exposure of man to a number of extreme factors, and it is associated with 
impairment of immunobiological reactivity of the body. The results of experi- 
mental studies, which showed that exposure of mice to a hyperbaric helium and 
oxygen mixture (8 ata [atm(abs.)], 20°C temperature) leads to elevation of 
levels of epinephrine, norepinephrine and dopamine in blood [17], indicative 
of activation of adrenal function and inherent in the initial phase of 
development of the systemic adaptation syndrome (the authors consider hypo- 
thermia to be the cause of stress), are also in favor of this hypothesis. 
Investigation of immunobiological reactivity of mice exposed to a heliun- 
oxygen or nitrogen-oxygen environment at pressure of 8 and 7 ata, respectively, 
revealed that there is severe inhibition of interferon production under hyper- 
baric conditions [18, 26]. Since animal resistance to viral infections is 
largely related to interferon content of tissues [27], it is logical to 

assume that expressly impaired production of interferon under hyperbaric 
conditions causes an increase in mouse sensitivity to influenza virus, which 
we mentioned above. In addition to inhibition of interferon production by 
mice in a hyperbaric helium-oxygen atmosphere, there was also a drastic de- 
crease in phagocytic activity of blood neutrophils [17]. Impairment of inter- 
feron production and depression of phagocytic function of neutrophils, which 
are che most important indices of natural immunity, are interpreted as the 
result of stress developing under hyperbaric conditions. The etiology of 
stress under hyperbaric conditions remains unclear, and while hypothermia 

may be considered one of the possible causes of stress in the case of using 
hyperbaric helium-oxygen environments, the cause of stress could have been 
both pressure elevation and the specific effect of nitrogen in the experi- 
ments where a nitrogen and oxygen environment was used. 


Along with the above data indicative of depression of nonspecific immunity 
under hyperbaric conditions, there are also observations indicative of the 
opposite effect. Thus, after 10-, 17- and 30-day exposure to a helium and 





oxygen environment at pressure of 35 kgf/cn’*, rabbits presented stimulation 
of phagocytic activity of blood neutrophils and increased complement and 
blocd !ysozyme activity [78]. This stimulation of nonspecific immunity 
appeared after brief depression of defense systems of the body and, we 
believe, it was related to development of inflammatory lesions to the 
animals’ integument. 


To sum up all of the foregoing, it can be stated that there are very few 
studies dealing with the effects of hyperbaric gas mixtures on immunobiolo- 
gical reactivity of the organism, and the results of these studies are 
contradictory to some extent. In spite of the contradictory data obtained 
by different researchers, it can still be considered that exposure of man 
and animals to hyperbaric conditions in isolated chambers is associated with 
an increase in morbidity rate and aggravation of infecticus and inflavaatory 
processes. The increased incidence of infectious diseases in a byperbaric 
environment is apparently due both to depression of nonspecific resistance 
of the body and the adverse hygienic conditions in pressure chambers 
(microbial contamination, high or low temperature, high humidity, etc.). 
There is also reason to believe that impairment of immunity under hyperbaric 
conditions occurs as a result of development of stress, the etiology of 
which is not clear, although it is apparert that overcooling of the body 

in a helium-oxygen environment or when submerging during underwater work 
could be causes of stress. The question of whether hyperbaric conditions 
have a direct effect on immunobiological reactivity of the body remains 
open, and to answer it comprehensive experiments must be conducted. 


Hypobarism: There is even more limited and contradictory information 
concerning the effects of gas environments at low barometric pressure and 
normal pO, (normoxic hypobarism) on immunobiological reactivity. Experi- 
mental studies established that 30-day exposure of mice to a normoxic nitro- 
gen and oxygen environment at a pressure of 368 mm Hg does not affect the 
animals’ resistance to Pasteurella pseudotuberculosis and Pasteurella 
tularensis [29]. Analogous results were obtained from experiments on 

mice who were infected intraperitoneally with Staphylococcus aureus during 
exposure to an atmosphere containing 85% oxygen and 10% carbon dioxide 

at a pressure of 179 mm Hg [30]. Unlike the above-described studies indi- 
cative of the fact that normoxic hyperbarism does not affect development 

and course of bacterial infections, there are also data indicative of con- 
siderable retardation in healing of abscesses produced by hypodermic injec- 
tion of Staphylococcus aureus in mice exposed to a nitrogen-oxygen atmos- 
phere at a pressure of 259 mm Hg [31]. Authors tend to interpret the 
greater severity of the pathological process and more sluggish course thereof 
as the result of decreased immunological reactivity of mice under the 
influence of hypobarisna. 


The data concerning the influence of normoxic hypobarism on the course of 
viral infections in mice turned out to be just as contradictory. Thus, 
exposure of mice to a pressure of 380 mm Hg had no appreciable effect on 
development of an infectious process induced by intraperitoneal inoculation 

















of meningovirus, and animla resistance to the virus decreased only in those 
cases where there were drastic pressure changes during the experiment [32]. 

At the same time, it was established that long-term exposure of mice to an 
atmosphere cf pure oxygen at a pressure of 0.2 kgf/cn* leads to a slarp 
decrease in mouse resistance to influenzae virus, as manifested by a higher 
incidence of death due to pneumonia among infected animals [33]. The latter 
finding is quite consistent with data indicative of inhibition of interferon 
production in mice exposed to an atmosphere of pure oxygen at a pressure of 
about 160 om Hg [26). 


To sum up the results of studies dealing with the effect of hypobarism on 
resistance to infection, we must state that, in view of the limited number 
of works on this subject and contradiction of published data, it would be 
premature to derive any conclusions. 
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EXPERIMENTAL AND GENERAL THEORETICAL RESEARCH 
UDC: 612.134-06:629.78 
STUDIES OF VENOUS CIRCULATION IN THE CREW OF THE SALYUT-5 ORBITAL STATION 


Moscow KOSMICHESKAYA BIOLOGIYA i AVIAKOSMICHESKAYA MEDITSINA in Russian 
No 4, 1979 pp 8-12 


[Article by V. A. Degtyarev, A. S. Nekhayev, V. S. Bednenko, 0. B. Kulikov, 
Ye. A. Kobzev, V. M. Bol’shov and A. A. Tsvetkov, submitted 13 Jun 77] 


{English abstract from source] 


Studies of venous circulation were continued in the space crewmembers of the orbi- 


tal station Salyul-5. New data which demonstrated again that weightlessness induced 
symptoms specifically associated with blood redistribution and pressure increase in the 
jugular veins were obtained. It is suggested to further the studies of venous circulation 
and regional hemodynamics aimed at determining the time and degree of human body 
adaptation to weightlessness 


[Text] As we know, redistribution of blood in the upper parts of thc hody 

is one of the direct results of weightlessness. Data obtained during the 
flight aboard the Salyut-4 orbital station revealed that, during the first 
month of weightlessness, cosmonauts present signs of increased filling in 

the system of the jugular veins [1]. The concomitant objective and subjective 
chuages (puffiness and redness of the face, hyperemia of the sclera, sensa- 
tion of rush of blood to the head, etc.) are apparently related to the 
difficulty of venous efflux from the head and neck, and transsudation of 
liquid in the interstitial spaces. 


Similar phenomena varying in degree occurred in virtually all cosmonauts, 
during both short- and long-term flights, and they were the most marked during 
the period of acute adaptation [2, 3}. Thus, it may be assumed that, in view 
of redistribution of liquids in weightlessness, there is development of a 
specific set of symptoms that resemble somewhat the clinical signs of the 
“superior vena cav a syndrome" [4]. With this in mind, research on venous 
circulation in crew members of the Salyut-5 orbital station was continued 

and supplemented by focusing rheography of the region of the head, liver 

and diaphragmatic segment of the right lung. 


Methods 


The studies were conducted at rest and during a functional test involving 
lower body negative pressure [LBNP]. Using a method described previously [1], 








the arteriovenous pulsogram (AVP) was recorded from the region of the vascular 
We studied the dynamics of amplitudes of presystolic (a) 
and diastolic (d) AVP waves, as well as the ratio of collapses x and y 

luc wave amplitude was measured from the isoline traversing 


bundle of the neck. 


(Figure 1). 





the point corresponding to maximum collapse x, and that cf collapses x and 


y, from the apex of the systolic wave (c,. 
tion cf the right heart was estimated from the AVP curves. 


Duration of phases of contrac- 
Pressure in the 


system of the jugular veins under ground-based conditions was determ'ned by 
an indirect method based on the effect of transformation of AVP into a 


in AVP. 
Burstin [5]. 
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Figure l. 
Dynamics of shape of AVP of B. V. 
Volynov (A) and V. M. Zholobov (B) 


sphygmogram of the carotid artery with passive change in body position and 

in flight, according to rarefaction in the LBNP device and analogous changes 
Pressure in the pulmonary artery was calculated from the nomogram of 
Rheographic studies were conducted using the Levkoy-ZT instrument 
[6]. To record rheograms of the head, the electrodes were situated in the 

for rheograms of the liver they were placed 2 cm 
above the edge of the costal arch and parallel to it in the projection of 
hepatic dulness, on the level of the third intercostal space, along the 
centralclavicular line and in the region of the right scapula. 


Results and Discussion 


The first studies of venous circula- 
tion in B. V. Volynov, V. M. Zholobov 
and Yu. N. Glazkov were conducted at 
the end of the 2d week of flight, 
i.e., during the period of completion 
of processes of acute adaptation to 
weightlessness. In V. V. Gorbatko, 
the AVP was recorded on the 4th day. 
From the very first day of the 
flight, the cosmonauts reported signs 
of venous hypertension. Yu. N. 
Glazkov, in particular, reported 
marked edema and ruddiness of the face, 
while V. M. Zholobov experienced a 
headache. The relative indices of 
venous pressure measured in B. V. 
Volynov and V. M. Zholobov on the 
13th-14th day were significantly 
above preflight levels and remained 
high on the 30th and 44th-45th flight 
days (see Table). There was a 


tendency toward increased amplitude 

of AVP waves, as was the case in the 
flight of O. I. Klimuk and V. I. 
Sevast'yanov [1], indicative of 
increased filling of jugular veins. 
Virtually all of the cosmonauts pre- 
sented an increase in amplitude of diastolic wave and x/y ratio \see Figure 1). 
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Such changes could have been due to difficult influx of blood from the venae 
cavae and right atrium into the ventricle, because of an increase in reserve 
systolic volume of blood in the right ventricle [7]. They could serve, to 
some extent, as signs of elevated pressure in the pulmonary circulation [8]. 
It should be noted that the estimated pressure levels in the pulmonary 
artery of cosmonauts during the flight period remained somewhat elevated. 
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Figure 2. Figure 3. 


Changes in shape of rheogram of head Change in shape of rheogram of hepatic 

region of B. V. Volynov (A) and V. M. region and diaphragmatic segment of 

Zholobov (B) during flight right lung of B. V. Volynov (A) and 
V. M. Zholobov (B) during flight 


As was expected, the results of rheographic examination were quite interesting 
(Figures 2 and 3). Thus, on the 17th day, the rheogram of B. V. Volynov, 
taken in the head region, was characterized by appearance of an additional 
venous wave and formation of a tall peak in the diastolic segment of the 
curve. In V. M. Zholobov, the rheogram flattened down on the 25th day; a 
plateau appeared in the region of the peak of the pulse wave and the dia- 
stolic part became slightly elevated. These changes were present during 
ordinary expiration and disappeared in inspiration. There was some flatten- 
ing of the curve and drop of incisura to the isoline in B. V. Volynov, on 
the 46th day. There was a mild venous component in inspiration. The rheo- 
graphic changes were more marked in V. M. Zholobov. Thus, on the 45th day, 
a significant venous wave appeared in expiration, the incisura dropped to 
the isoline, while the diastolic segment of the curve was essentially re- 
presented by an additional wave. There was negligible change in shape of 
the rheogram in inspiration. According to data in the literature [9, 10], 
such changes could be due to increased filling with blood of the tested 
region of the head. Evidently, there was inadequate compensction for the 
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static phenomena in inspiration by the end of the flight, in the case of 
V. M. Zholobov. He also presented signs indicative of decreased arterial 
tonus. By the end of the mission, the flight engineer reported recurrence 
and intensification of headache. 


In spite of the fact that there is a substantial change in conditions of 
vencus return in weightlessness, studies of the phase structure of the right 
heart failed to demonstrate any signs whatsoever indicative of impaired 
myocardial contractility. Some decrease in duration of right atrial systole 
and fluctuation of tension interval of the right ventricle did not present 
distinct dynamics, and most probably they were related to the aistinctions 
of filling of the chambers of the right he ‘rt. 


While we interpret the persistent pressure elevation in the system of the 
jugular veins as a sign of incomplete adaptation of the circulatory system 
to weightlessness, we nevertheless found some signs of compensation of 
venous return. Thus, on rheograms recorded for the region of the liver and 
right lung in the 2d month of the mission, there were some typical changes 
(flattening of the curve, presence of small waves in the diastolic segment) 
indicative of increased filling of these organs [11], perhaps as a result 
of deposition of blood in then. 


In analyzing the possible causes of long-term venous hypertesnion, which was 
observed in B. V. Volynov and V. M. Zholobov, we must mention that the 

crew had a relatively larger routine work load than in other expeditions. 

In view of the shortage of sleep and asthenization of the body, there could 
have been impairment of neurocirculatory mechanisms of regulation. The 
Significant elevation of relative indices of venous pressure, as compared to 
preflight levels, also merits attention. Evidently, such changes cannot be 
attributed solely to an increase in volume of blood in the system of the 
superior vena cava. Apparently, one should consider in this case the 

joint effect of other extracardiac factors, among which venous tonus is 
important. 





On the lst-2d postflight day for V. M. Zholobov and on the list day for B. V. 
Volynov, examination in horizontal position showed no venous components on 
the AVP, and the curve had the shape of a carotid artery sphygmogram. At 
this time, venous pressure was apparently close to zero. The venous compo- 
nents were restored in the commander on the 2d day and flight engineer on the 
4th day. The venous pressure of B. V. Volynov was one-half the preflight 
level, while that of V. M. Zholobov reached the base level. On the day 

that V. V. Gorbatko and Yu. N. Glazkov landed, there were venous components 
on the AVP; however, venous pressure of the commander was one-half the 
preflight level and that of the flight engineer was two-sevenths the pre- 
flight level. Restoration of venous components of the AVP and elevation 

of venous pressure on different postflight days are apparently attributable 
to individual distinctions of readaptation processes. Tonus of peripheral 
vessels, fluid-electrolyte balance, muscular activity, etc., play a signifi- 
cant part. 
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Thus, new objective confirmation was obtained of substantial changes in 
venous return under weightless conditions. Of the indices of adaptability 
of the human body to weightlessness obtained in flight, the venous components 
were the most static [inert]. They also presented the most marked deviations 
from levels receu;ded on earth. Since no other equally marked signs were 
demonstrable, according to which one could determine whether the adaptation 
process is completed or delayed in relation to flight factors, there is 

no question that it is imperative to continue these studies. 
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[English abstract from source] 


aper presents the results of studying the fluid-electrolyte metabolism in 
rt Kisethond'V 1. Sewastyanov before and after their 63-day flight aboard the orbital 
station Salyut-4. Postflight weight losses in P. | Klimuk and V. L Sevastyanov were 
56 and 35%, respectively, the losses being attributed to body dehydration. Postflight 
both cosmonauts showed a trend for an increased renal excretion of potassium, magne- 
<wm, and calcwm as compared with their food intake Those were more expressed on 


the day after the water load application. Possible causes of the —— and the pattern 
of recovery of fluid-clectrolyte metabolism after a prolonged space flight are discussed. 


[Text] Substantial changes in fluid-electrolyte metabolism, manifested by 
impairment of balance of fluid and electrolytes, were demonstrated as a re- 
sult of clinicophysiological examination of cosmonauts who participated in 
flights on the national programs of the USSR and United States [1-4]. At 
the present time, these changes are evaluated as adaptational. However, it 
is not known whether the demonstrated changes would progress with increase 
in duration of space flights and how rapidly there would be restoration of 
hydroionic equilibrium that is customary under earth's gravity. 


In this article, we submit the results of a study of restoration of fluid- 
electrolyte metabolism in crew members of the second expedition of the 
Salyut-4 orbital station, P. I. Klimuk and V. I. Sevast’ yanov, who completed 


a 63-day flight. 


Methods 


The study of fluid-electrolyte metabolism in both cosmonauts was conducted 
against the background of metabolic studies, i.e., in addition to examina- 
tion of renal excretion of various substances, we also determined the 

amount thereof taken as part of the food rations. During the period of the 
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preflight and postflight studies, 24-h urine was collected. Blood was taken 
from a vein before the flight, as well as on the 2d, 7th and 14th days of the 
recovery period. Sodium and potassium concentrations were assayed in samples 
of urine and blood serum using a PFM-1 flame photometer; calcium and magnesium 
were assayed with an atom-absorption spectrop’.ctometer, and osmotic concentra- 
tion was determined using cryoscopy with an MI-54M semiconductor micro- 
thermistor. 


For fuller evaluation of the direction of changes in fluid-electrolyte meta- 
bolism, we calculated the indices of renal excretion of fluid and minerals 
as a percentage of intake thereof [5]. Extrarenal fluid loss was determined 
by means of standard tables. 


Results and Discussion 


Renal excretion of fluid and electrolytes, as well as ion content of blood 
serum, was repeatedly assayed in P. I. Klimuk and V. I. Sevast'yanov prior 

to the space fiight. The obtained, averaged values of the indices studied 

are listed in Tables 1 and 2. A comparison of levels of diuresis and electro- 
lyte content of urine of both cosmonauts to the findings on subjects examined 
according to the same program, against the background of metabolic studies, 
failed to demonstrate any differences. Renal excretion constituted the 
following mean levels: 53-55% fluid, 68-77% sodium, 68-80% potassium and 
18-33% calcium, as compared to the amounts of these substances contained in 
the dir<. 


Table 1. Diuresis (mi) and electrolyte content of urine (meq/day) for crew 
members of Salyut-4 station in the preflight period (Mtm) 








T 1 
Di- 
Crew members uresis| Na K Ca Mg 
P. I. Klimuk 900242) 185-14 6323.4 16+3,2 3,120.55 
V. I. Sevast*yanov | 1280271/ 23221 | 7825.0 171.3 | 10,020.64 

















For the first postflight days, P. I. Klimuk and V. I. Sevast'yanov lacked 

a marked feeling of thirst, as compared to crews of prior missions. Thus, 
P. I. Klimuk limited his food and fluid intake due to the slight nausea 
induced by vestibular disorders from the time the spacecraft landed to 

the following morning (so-called "zero" day), and he consumed only 0.45 2 
water, with excretion of 0.5 2 urine. However, it is extremely difficult to 
dosciss the the positive or negative fluid balance in this case, since 

both cosmonauts were given a 9 g supplement of table salt on the day they 
landed, and drank 0.9 & water for partial restoration of extracellular fluid 
before the spacecraft landed un earth. The fluid excreted by the kidneys, 


15 








skir and lunjjs from morning to the time of landing was not taken int> considera- 
tion. On th: basis of the unchanged body weight on 0 and the Ist day, it 
may be assum':d that fluid excretion was in balance with intake. 


Table 2. Electrelyte concentration in blood serum of Salyut-4 crew before 
and after flight 




















we — SS — — 
members — K Ca Mg concentra- 
meg/i 
P.I. Klimuk arr a a 2+ 
+m) 145+0.9 | 4.240.105 l Ss 1 
After flight: * — 
2d day 144 37 $2 19 en 
— Before flight 
V.I. Sevast "yanov (M+m) 1486+ 1.0) 4.340 de 
: ' 820,11) 1 296+! 
After flight: * 
7th day 149 44 5.2 i,7 2 























It is known that absolute or relative fluid deficiency in the body is a 
Stimulus for the feeling of thirst. A fluid shortage may occur as a result 
of both cellular and extracellular dehydration. The extracellular phase 
contains very mobile fluid, circulating blood, the stability of which is 
maintained by effective and fast-acting mechanisms. Decreased influx of 
blood into the heart with the transition to earth's gravity is a powerful 
stimulus for activation of the thirst center and centers that regulate fluid 
and salt retention. Evidently, the fluid and salt supplement compensated 
for most of the lost intercellular fluid, excluding one of the stimuli of 
the sensation of thirst. The remaining fluid deficiency was made up within 
3 days due to moisture content of the diet. There was virtually no differ- 
ence in level of diuresis and fluid intake of P. I. Klimuk, as compared to 
base levels, starting on the 3d day of the recovery period. By this time, 
he had regaine:! 2.4 kg (Figure 1). 


From the time the sapcecraft landed, on 0 day, V. I. Sevastyavov drank 1.2 & 
fluid and excreted 0.47 & urine. On subsequent days, fluid itake increased 
to 3.2 & and, with metabolic fluid, it constituted 3.6 2. This amount of 
fluid was sufficient to eliminate the remaining weight loss (see Figure 1). 
The water load test, conducted on the 2d postlanding day, did not alter 

the dynamics of the 24-h balance. However, marked diuresis developed on the 
following day, against a background of considerably decreased fluid intake 
(see Figure 1), which led to a reliable weight drop, from 68.8 to 67.8 kg. 
This weight persisted to the end of the week, and it reached the background 
level only on the 8th day of the recovery period. Consequently, regulation 
of fluid metabolism did not reach normal on the 2d-3d postflight days, and 
the body could not react adequately to intake of a large amount of fluid at 
one time. 
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Figure 1. I. Dynamics of fluid intake, diuresis (mi/day) and renal 
excretion (%) for P. I. Klimuk (A) and V. I. Sevast'yanov 
(B) 
Il. Dynamics of restoration of body weight (kg) and caloric 
value of food ration (kcal) for P. I. Klimuk (A) and 
V. I. Sevast*yanov (B). 
X-axis, postflight days; y-axis: 
I) fluid intake and diuresis (mi) on the left; renal excretion of fluid 
(Z) on the right 
II) body weight (kg) on the left; caloric intake, numbers on the right 
1) fluid intake after flight 
2) diuresis in background period 
3) postflight diuresis 
4) renal excretion of fluid in background period 
5) renal excretion of fluid after flight 
6) caloric value of food 
7) body weight in background period 8) postflight body weight 
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There has been repeated discussion in the press of the causes of weight loss 
during space flights. Im the opinion of most researchers [4, 6-9], there 
may be several: loss of body fluid, prevalence of catabolic processes, in- 
consistency between caloric value of food and energy expenditure of cosmo- 
nauts. Special attention was devoted to the latter factor in flight. 


Individual daily balance was comprehensively determined prior to the flight. 
However, in the course of the flight, there were discrepancies between the 
planned and actual energy expenditure by the cosmonauts. The fact that 

Vv. I. Sevast'yanov consumed his entire food ration during the flight could 
be one of the reasons for this. P. I. Klimuk had a somewhat poorer appetite, 
although he expended more energy, since he was more actively involved in 
exercises. We cannot r le out the possibility that, for expressly this reason, 
the commander lost more weight than the flight engineer. The weight loss 
constituted 4 an’ 2.4 kg, respectively (see Figure 1). Analysis of the 
dynamics of restoration of body weight in the postflight period revealed 
that P. I. Klimuk lost about 2.4 kg referable to fluid and about 1.6 kg 
referable to body tissues. These figures were 1.6 and 0.8 kg, respectively, 
for V. I. Sevast'yanov. The larger share of fat in weight loss of P. I. 
Kliruk warrants the belief that there was relatively minor muscular atrophy. 


Renal excretion of fluid, as a percentrge of fluid intake with food and 
beverages, was low to about the same extent in both cosmonauts on all days 
tested, with the exception of the day after the fluid load (see Figure 1). 
Nevertheless, it should be borne in mind that, while this phenomenon was 
the result of fluid retention directed toward elimination of negative 
balance thereof, which developed in weightlessness, on the first few days, 
fluid excretion on subsequent days could have been low due to increased 
extralenal loss as a result of increased motor activity and high ambient 
temperature inthe area where the studies were conducted. 


Renal excretion of sodium in the postflight period was subject to less 
change than other electrolytes in P. I. Klimuk and V. I. Sevast"yanov 

(Table 3 and Figure 2). With the exceptior of 0 day and the day after the 
fluid load, the concentration of sodium, daily excretion thereof in urine 
and percentage of excretion by the kidneys were within the range of individual 
fluctuations, and chey virtually failed to differ from base values (see 
Figure 2). On the day after the fluid load, against the background of more 
intensive diuresis, there was a sharp increase in scdium excretion, along 
with increase in excretion of other electrolytes (see Table 3) and osmotically 
active substances. Diuresis resembled osmotic diuresis, and most likely 

it was due to hemodynamic changes. 


There have been repeated reports of changes in renal excretion of calcium 
and magnesium after space flights [2, 3, 10]. There were more marked 

changes in the crew of the first expedition of Salyut-4 orbital station, 

and it was particularly marked in P. I. Klimuk and V. I. Sevast'yanov after 
the 63-day flight. Renal excretion of calcium and magnesium reached a mean 
of 42-44% of intake thereof with food, which was almost 10% above the maximum 
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level observed in the preflight study (see Table 3 and Figure 2). This can 
be evaluated as loss of calcium in the bowe system, related to functional 
inactivity of the skeletomuscular system ii: weightlessness. 


Table 3. Fluid (a) and electrolyte (meq) intake with food (I), daily 
excretion thereof in urine (II) and ratio of excretion (Z) to 
intake (III) in the postflight period, in crew members of the 
Salyut-4 station 
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The dynamics of potassium excretion in the postflight period differed in 
crew members of the second expedition aboart Salyut-4. There was a greater 
increase in concentration of potassium in urine on the very first postflight 
day in the communder (see Figure 2). On some days, potassium excretion 
reached 160% (see Table 3). Elimination of potassium did not revert to 
normal to the end of the observation period. The same phenomenon was first 
observed in A. A. Gubarev and G. M. Grechko after « 30-day space flight, but 
the potassium concentration was somewhat low, while increased excretion 
thereof by the kidneys occurred against the background of more intensive 
diuresis due to increased fluid intake. 


At the present time it is generally recognized that a negative potassium 
balance during space flights is due to a decrease in cell mass. In this 
case, it becomes apparent that restoration of impaired potassium balance 
by means of increased intake thereof with food is impossible. Even with 
normal regulation of potassium on the cellular level, it is difficult to 
assimilate until the cell mass is restored adequately to conform with the 
increased demands of the body. 


Nor can we rule out the possibility of increased renal excretion of potassium 
due to higher amount thereof in the diet (up to 120 meq). Nevertheless, 
intake of a large amount of potassium with food is justified, since it was 
one of the causes of rapid normalization of level thereof in blood serun. 

A decrease in potassium content of blood serum was noted in the crew of the 
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seccnd expedition aboard the Salyut-4 orbital station after landing (see 
Table 2), as was the case after the 30-day flight of A. A. Gubarev and 

G. M. Grechko. However, on the 7th day of the recovery period after the 
62-cay mission, potassium content of Llood serum reached the base levels, 
whereas after the 30-day flight there was still marked hypokalemia at this 
time. Evidently, additional intake of potassium, along with other rehabili- 
tation measures, was instrumental in fastrrc restoration of its level in blood 
serum. 
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Figure 2. Dynamics of postflight renal excretion of electrolytes in 
P. I. Klimuk (A) and V. I. Sevast'yanov (B). 
X-axis, postflight days; y-axis, electrolyte content (meq) on the left, 
renal excretion (%) on the rigkt. 


1) electrolyte concentration (meq/L) 3) range of probable fluctua- 
2) daily excretion (meq/day) tions, Mtmet 


Thus, fluid-electrolyte homeostasis that is consistent with the conditions 
is formed during longer flights. It is important to mention that there is 
also retention of functional correlations between all physiological systems 
of the body. However, one should be very cautious in referring to dynamic 
equilibrium of lfuid-electrolyte metabolism within the range of the new 
established functional level of the body. As shown by the data obtained 
from the third mission of Skylab [11], renal excretion of potassium and 
calcium increased with increase in duration of the flight. Changes in 
mineral meti.volism, which are a manifestation of impairment of metabolic 
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processes, may cause substantial changes in osmoregulatory function of the 
kidneys, by altering transport of fluid, electrolytes and urea in the 
tubules. 
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[English abstract from source] 


[Text] One of the elements of the process of readaptation of a cosmonaut 
following a space flight is restoration of his ability to maintain an upright 
position. This does not present any difficulty to a healthy individual, 
due to the coordinated interaction between functional systems that organize 
and regulate adaptive behavior [1-3]. At the same time, difficulties are 
observed in cosmonauts with regard to locomotion and organization of 
muscular coordination, and retention of an upright position after landing, 
which is manifested outwardly by dyskinesia, asynergia and other neuro- 
logical symptoms [4-6]. The stabilography method was used on the crew of 
the Soyus-4 and Soyuz-5 spacecraft and revealed an increase in amplitude 
and undulant change in frequency of oscillations of the body's center of 


gravity [7]. 


Our objective here was to demonstrate the distinctions of reg lation of 
vertical postion and autonomic reactions to it after prolonged weightless- 
ness, as well as to investigate the process of restoration of the initial 


level of regulation of the upright position. 


22 








Methods 


We studied postural function with maintenance of specified vertical position 
using the stabilographic method [8]. This method enabled us to repeatedly 
demonstrate changes in position control after flights [7, 9]. Standing 

with the eyes closed and Romberg's position were used as load tests. Before 
and after these load tests, tracings were made with the subjects in a 
natural position, with the arms dropped, in a so-called comfortable 

{["at ease"] position. The tests lasted 2 min in each position. We recorded 
pulse rate and arterial pressure by the tachyoscillographic method with 

the subject lying down, before and during the stabilographic examination. 
The crew members of Soyuz-17 and Soyuz-18 spacecraft underwent preflight 
examinations 1.5 months before lift-off. The crew of Soyuz-17 was examined 
three times after landing: G. M. Grechko was tested after 9 h, on the 

2d day and on the 5th day, A. A. Gubarev after 9 h, on 2d and 7th days. The 
crew of Soyuz-18 was tested on the 2d and 12th days after landing. 


Results and Discussion 


The preflight examination of crew members of the Salyut-4 orbital station 
revealed individual distinctions of static adaptation in the above positions. 
Analysis of frequency of oscillations of the body's common [general?] center 
of gravity (OTsTI) was concerned mainly with first order waves (up to 0.45 s 
period), since postflight changes therein were found to be more informative 
than second order waves (1.0 to 2.5 s period). 


Examination of A. A. Gubarev and G. M. Grechko 9 h after landing was con- 
ducted only in che "at ease" position, without recording circulatory indices. 
Holding this position was associated in both cosmonauts with disappearance 
of individual differences in frequency components of the stabilographic 
curves and appearance of high-frequency components. Of all shifts of OTsTT, 
96% for A. A. Gubarev and 85% for G. M. Grechko were referable to oscilla- 
tions with a period of 0.15 s. This was associated with changes in maximum 
amplitude: it increased by 6 mm in the sagittal plane and decreased by 1 mm 
in the frontal plane in A. A. Gubarev; in G. M. Grechko, it decreased by 

10 mm in the sagittal and 7 mm in the frontal plane. 


The structure of OTsTT oscillations and nature of postural regulation of 
circulation differed from preflight levels on the 2d day after landing, in 
both crews. Although virtually the entire range of frequencies was already 
present in the structure of oscillations, the most typical finding was 
retention of high-frequency oscillations with a period of 0.1-0.15 s in all 
positions, and these oscillations were not inherent in crew members prior 
to tne flight. P. I. Klimuk was the only exception: in one of the preflight 
tests (with the eyes closed) he presented 72% oscillations with a period of 
0.1 s (Figures 1 and 2). The maximum amplitude of OTsTT shifts was less 
than the base value in A. A. Gubarev and G. M. Grechko; it was close to 

the base level in P. I. Klimuk and greater in V. I. Sevast'yanov. It must 
be noted that the differences from preflight levels in frequency and 
amplitude composition were on the same levels in both crews, in spite of 
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the fact that A. A. Gubarev and C. M. Grechko had flown on a 30-day mission, 
while P. I. Klimuk and V. I. Sevast'yanov had spent 63 days in weightlessness. 




















x 
ri * 
wo ol ee 
70} 60+ 3 J 
3 — vr * 
mm —D—D— —1e—2— 7 
4 wl a 
30+ r- F -_ 
J ĩ 0b — 
IT) D MIMD Ow? 71S 2 w?MITT D2 
On *% — Qt dager 2 
ain i/\ aap —* i 
a3 —3* / 23} ~ 
Qsr —\, Q4F ’ 
Q5* ase vu 
Period, ol * b Period,s @ b 
Figure l. Figure 2. 
Changes in high-frequency component Changes in high-frequency component 
of OfsTT oscillations in sagittal of OTsTT oscillations in sagittal 
plane, in A. A. Gubarev (a) and plane, in ©. I. Klimuk (a) and 
G. M. Grechko (b) V. I. Sevast'yanov (b) 
1) before flight 1) before flight 
2) 2d postflight day 2) 2d postflight day 
3,4) Sth and 7th postflight days 3) 12th postflight day 


Y-axis, top: percentage of total oscillations during time spent in specified 
position; bottom: oscillation period. X-axis: 
X-axis: YC) “at ease" P) Romberg position 73) eyes closed 


The changes in structure of OTsTT oscillations were associated with changes 
in circulatory parameters. While standing on the "“stabiloplatform" all 

four cosmonauts presented a faster heart rate, as compared to preflight 
levels: 5/min faster in A. A. Gubarev, 14/min faster in G. M. Grechko, 

29/min faster in P. I. Klimuk and 33/min in V. I. Sevast'yanov. However, 

it should be noted that the heart rate was also higher just before the 

test in horizontal position in all cosmonauts, by 11-21/min, as compared to 
the preflight level. The minimum pulse arterial pressure decreased by 

4-11 mm Hg as a result of elevation of diastolic arterial pressure. Mean 
dynamic arterial pressure rose by 13 and 15 mm Hg in A. A. Gubarev and V. lI. 
Sevast'yanov, respectively. In addition, although the nature of the postural 
reaction of the cardiovascular system did not change, the degree thereof 
diminished in A. A. Gubarev, remained the same in G. MW Grechko and increased 
in both crew members of Soyuz-18. We failed to demonstrate differences in 
circulatory parameters during load tests, as compared to the "at ease” 
position. 
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Testing of G. M. Grechko (5th day), A. A. Gubarev (7th day) and P. I. Klimuk 
(12th day) revealed that the structure of OTsTT oscillations essentially 
regained individual features, with regard to both frequency and amplitude, 
but the high-frequency component of first-order waves was retained in the 
form of paroxysmal inclusions. The percentage thereof increased when 
standing with the eyes closed and in Romberg's position. This high-frequency 
component was no longer demonstrable on the stabilogram of V. I. Sevast'yanov 
on the 12th day, and all frequency and amplitude indices of upright position 
were close to preflight values. It should also be noted that the dynamics 

of recovery of stabilographic indices were essentially consistent with the 
subjective sensations of the cosmonauts. 





As for the data pertaining to circulation, they changed little, as compared 
to the 2d postflight day. We should mention, however, that there was an 
increased increment of heart rate in vertical position in G. M. Grechko, 

to 24/min, although this increment constituted 10-1l/min before the flight 
and on the 2d day after landing. 


Moni-oring of restoration of preflight physical condition of cosmonauts was 
based on consideration of the body's capacity for great intensification of 
functions, stable level of function for the duration of the required work 
period, as well as resistance to changes in the environment and disruptive 
factors [10, 11]. 


The data from the preflight stabilographic studies were used as parameters 
of optimum level of control of vertical position. Accordingly, appearance 
of a high-frequency component with a period of 0.1-0.15 s, faster heart 
rate, elevation of diastolic and, in part, mean dynamic arterial pressure 
(hyperintensification of function), paroxismal changes in the postural 
system to function at this frequency (instability of function) and 
reactions to load tests differing from preflight ones (lack of resistance 
to disruptive factors) were evaluated as deconditioning indices. The 
changes in stabilographic parameters are the result of the complex effect 
of aftereffect of adaptation to weightlessness combined with the process 
of readaptation to earth's gravity. 


Analysis of the obtained data from these positions revealed that there was 
normalization of control of vertical position from test to test. The time 

of occurrence of the main readaptation changes differs from the time of 
reverse development [regression?] of stabilograms of cosmonauts A. G. Nikolayev 
and V. I. Sevast’yanov after their 18-day flight aboard Soyuz-9. Then, sig- 
nificant changes in stabilographic parameters were noted on the 35th day after 
landing [10]. All this, as well as the fect that the postflight findings 

did not reflect differences in duration of orbital flight of crews of Soyuz- 
17 and Soyuz-18, could be attributed to the effectiveness of preventive 
measures, which alleviated readaptation. Perhaps, the fact that P. I. 

Klimuk and V. I. Sevast'yanov, who had participated in the longer flight, 
already had experienced postflight readaptation to earth's gravity, also 
played a role. 
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It may be assumed that worsening of control of upright position is related 
to inadequate sipply of blood to the relevant parts of the brain, as a 
result of postural hypotension, elements of which had already been found 
during the first manned space flights and were present in all subsequent 
flights. Indeed, signs of postural hypotension--increased increment of 
heart rate and lowering of pulse pressure--were noted in all members of 
both expeditions aboard the Salyut-4 orbital station after the flight. 
However, the lack of coinciding changes in heart rate of crew members of 
the two missions, as well as difference in time of recovery of circulatory 
parameters and OTsTT oscillations, are in contradiction to this hypothesis. 


Thus, the stabilographic studies of the crews of two expeditions aboard the 
Salyut-4 orbital station enabled us to demonstrate worsening of control of 
vertical position, which is related to deconditioning of the postural-tonic 
system and the main readaptation changes that occurred in the lst week of 
the postflight period. 
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—y th tj 4 — t simulation factors on lipid metabolism showed 


* diets 

sone or in combination wth foods preserved by other methods) did not produce noticeable 
———————— — nerobol 
an altered vertpeleat’ cucle. on increased carbon monoxide concentra- 


tion Tris meh?) infleenced lipid 


[Text] At the present time, much attention is being given in all countries 
of the world to changes in lipid metabolism in man, both in the presence of 
diverse pathology and under the influence of alimentary and nonalimentary 
factors, particularly whea associated with stress reactions. This is attri- 
butable, in particviar, to the fact that obesity and atherosclerosis are 
among the most widespread diseases in developed countries [1]. 


The tense nature of professional activities and unusual working conditions 
of pilots and cosmonauts compel us to pay close attention to the state of 
their lipid metabolism. Several authors [2, 3] have found higher cholesterol 
and 6-lipoprotein levels in blood serum of pilots than in individuals in 
other occupations. Symptoms of coronary atherosclerosis were found in 

the American astronaut, Exwin, who flew aboard Apollo 15 [4, 5] 


No appreciable unidirectional changes in parameters of lipid metabolisa 

were demonstrated in cosmonauts after brief flights aboard Vostok and 
Voskhod-2 spacecraft [6-9]. In blood samples taken from crew members of 
Voskhod-1 on the day they landed, cholesterol content constituted 260-290 mgZ, 
versus the usual 120-130 mg% for them, and it dropped to base levels only 
after 2 weeks [10]. No appreciable differences in cholesterol and lipid 
phosphorus indices before and after flights were observed in the blood of 
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10 crew members of Soyuz spacecraft (flights lasting up to 5 days) [1l, 12]. 
After the flight aboard Soyuz-9, a decline of blood cholesterol was found 
in V. I. Sevast'yanov and an elevation in A. G. Nikolayev [12]. 


In the three crew members of the Salyut-l orbital station, mean blood 
cholesterol content was 217 mgZ before the flight, 170 mgZ% on the 5h day 
of the flight, 150 mgZ% on the 15th day and 172 mg% on the 22d day of the 
flight [13]. In cosmonauts who flew aboard the Apollo spacecraft, there 
was a tendency toward decline of blood cholesterol level after the flights, 
as compared to preflight levels, and the American researchers attributed 
this to a change in diet [14]. During these flights, food intake was not 
sufficient to mantain an energy balance [14, 15]. The postflight decline 


of cholesterol level could also have been the result of thyroid hyperfunction, 


which was found in the crew members of these spacecraft [16]. 


It is known that lipid metabolism is affected by diet, relationship between 
caloric value of food and expenditure of energy, level of muscular activity, 
functional state of the nervous and endocrine systems [17, 18]. There is 
information to the effect that hyperoxia [19], hypoxia [20] and increased 
carbon monoxide concentration [20] affect the parameters of lipid metabolism. 
All these factors could have been involved during space flights. 


Since there is very sparse information about changes in lipid metabolism 
during actual space flights and interpretation thereof is difficult, it is 
deemed purposeful to investigate the influence on lipid metabolism of 
different factors simulating space flight conditions. 


Until complex systems of food regeneration are developed, the diet of cosmo- 
nauts in flight will consist mainly of canned [preserved] foodstuffs, which 
will be exposed to a set of flight factors during storage, including galac- 
tic radiation and solar bursts. All this makes it necessary to make 
specific selections of foodstuffs and it transforms nutrition into one 

of the flight factors that affect cosmonauts, including their metabolism. 


Weightlessness is one of the main and constant space flight factors to 
which man is exposed. On earth, some of its effects are simulated by 
hypokinesia, which could have a considerable influence on lipid metabolism. 
Thus far, this question has been little-studied, and most investigations 
were conducted without strict regulation of food intake. 


This article deals with analysis of the influence on man's lipid metabolism 
of food rations used during space flights, as well as of certain other 
factors simulating space flight conditions: hypokinesia, change in daily 
cycle of work and rest, increased concentration of carbon monoxide, etc. 


Methods 


These studies were conducted on 108 healthy men ranging in age from 19 to 
45 years (25 series of studies lasting 19 to 421 days). Their food intake 
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was strictly controlled. The caloric value of rations specially developed 
for space flights was consistent with the body's expenditure of energy. 
The subjects cons:med freshly prepared foods at the initial and recovery 
Stages. The raticns during the experimental and background periods were 
similar in chemical composition. The subjects were examined by a special 
medical commission, and they were under constant medical supervision 
throughout the period of the studies. 


The following indices of lipid metabolism were determined in blood serum 
taken from the subjects’ vein in the morning, on a fasting stomach: total 
lipids, total and esterified cholesterol (with deduction of free cholestero!] 
content and percentage of esterification), phospholipid phosphorus, per- 
centage of a- and 8-lipoproteins using methods that have been published 
previously [21-23]. 


Results and Discussion 


We studied the effects of food rations (combination of dehydrated food 

and products preserved by other methods) developed for flights lasting up 
to 1 month [21, 24] on indices of lipid metabolism, both under ordinary 
living conditions (9 subjects, 30-35 days) and in sealed chambers (19 sub- 
jects, 10 series of studies lasting 19 to 35 diys). It was established that, 
under ordinary conditions and in the chambers, with normal work and rest 
schedule, these diets failed to elicit appreciable changes in indices of 
lipid metabolism [4, 23]. In the chamber experiments with altered daily 
work and rest schedule, there was an elevation of cholesterol level 

(227214 mg%, versus 172+10 mg% with the usual schedule; P<0.01), total 
lipids (678231 mg%, versus 608235 mg%; P>0.05) and 6-lipoproteins (76.4%1.2 
versus 70.321.8%; P<0.02) on the l0th-17th days [21-23, 25]. 


We studied the influence of food rations consisting entirely of dehydrated 
products that were reconstituted before intake under ordinary conditions 
(6 subjects for 2 months and 6 for 6 months) and in the sealed chambers, 
with normal daily schedule of work and rest (3 subjects for 29 days, 3 for 
[9 days and 3 for 1 year). There were no appreciable unidirectional 
changes in indices of lipid metabolism [23, 26-28]. 


There were also no changes in indices of lipid metabolism in 20 subjects who 
received rations of dehydrated products after long-term storage (for 1 and 

2 years) and exposure to protons in doses of 12,000 and 24,000 rad, res- 
pectively, for 70 days [29, 30]. 


There were 10 subjects involved in studies with 120-day hypokinesia (bed 
rest). They received a diet of freshly cooked products containing the 
required amounts of all essential ingredients in a well-balanced proportion. 
Along with changes in a number of physiological and biochemical indices [31j, 
the subjects presented significant changes in lipid metabolism. On the 35th 
day of hypokinesia, there was an increase in blood sexum total lipids 
(810%46, versus 631%47 mgZ in the base period; P<0.02), cholesterol (218213, 
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versus 177=7 mg%; P<0.01) and 8-lipoproteins (78.8*1.2, versus 75.721.5%; 
P>0.05). There were no further adverse changes in indices of lipid meta- 
bolism thereafter (70th and 105th days of hypokinesia). Administration 
of the anabolic hormone nerobol to 3 subjects during 120-day hypokinesia 
enhanced the adverse changes in lipid metabolism [32, 33]. 


We also studied the indices of lipid metabolism in two series of 49-day 
investigations (8 and 9 subjects) involving hypokinesia (bed rest, with 
the head of the bed tilted down by 4°). Im the first series of studies, 
the indices of lipid metabolism in the base period and on the 38th day of 
hypokinesia were as follows: 710229 and 731¢33 mg%, respectively (P>0.05), 
total lipids, 188*9 and 17228 mgi (P>0.05) cholesterol, 75.4%1.3 and 
80.8*1.0% S-lipoproteins (P<0.05). By the end of the study, no further 
changes in lipid metabolism were noted. In the second series of studies, 
the indices of lipid metabolism in the initial period and on the 48th day 
of hypokinesia were as follows: 626233 and 596220 mgZ, respectively 
(P>G.05) total lipids, 177211 and 215*9 mg% (P<0.02) cholesterol, 75.421.7 
and 79.721.7 mg% 8-lipoproteins (P>0.05). It should be noted rhat there 
were considerable individual fluctuations of the subjects’ reactions to 
hypokinesia. 


Marked changes in some indices of lipid metabolism were found in 8 subjects 
(2 series of 30-day studies, with 4 subjects in each) during their stays 

in airtight chambers with high carbonmonoxide content (up to 15 mg/m’). The 
subjects were on the same diet as the crew of the Salyut orbital station. 

In the first series of studies, the indices of lipid metabolism in the base 
period and on the 22d day of exposure to carbon monoxide were as follows: 
587220 and 1075273 mg%, respectively (P<0.001) total lipids, 179%10 and 
239217 mg% cholesterol (P<0.05), 65.724.6 and 75.6%2.8% (P>0.05) 6-lipo- 
proteins. In the second series of studies, these indices of lipid meta- 
bolism in the initial period and on the 30th day of exposure to carbon 
monoxide were as follows: 63437 and 910244 mg%, respectively (P<0.002) 

total lipids, 151*8 and 239222 mg% (P<0.01) cholesterol, 69.723.9 and 
76.5%3.1 B-lipoproteins (P>0.05). The subjects presented marked individual 
fluctuations of 8-lipoprotein concentration. There were no appreciable 
changes in indices of lipid metabolism of 4 subjects who participated in a 
90-day study with a concentration of 10 mg/m’ carbon monoxide in the chamber. 


Thus, these studies revealed that the subjects’ food rations, which were 
developed for space flights of different duration (combination of dehydrated 
and preserved foods, or dehydrated food alone), did not elicit noticeable 
changes in indices of lipid metabolism. At the same time, such factors as 
hypokinesia, nerobol against the background of hypokinesia, change in 

daily schedule of work and rest and high concent ration of carbon monoxide in 
the atmosphere of airtight chambers (to 15 ng/m’ ) had a considerable effect 
on indices of lipid metabolism. Further investigations are need to deter- 
mine more accurately the influence on lipid metabolism of both individual 
space flight factors and the set of factors inherent in actual flights. 
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ELECTROLYTE COMPOSITION OF RAT BLOOD PLASMA AND SKELETAL MUSCLES AFTER 
FLIGHT ABOARD THE COSMOS-690 BIOSATELLITE 


Mscou KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHESKAYA MEDITSINA in Russian 
No 4, 1979 pp 26-30 


[Article by V. P. Nesterov and R. A. Tigranyan, submitted 14 Mar 77] 
[English abstract from source] 


Measurements of Na+, K*, Mg**+ and Ca** concentrations in the functionally dif- 
ferent muscles (soleus, plantaris, diaphragm muscles} and plasma of the rats flown for 
205 days aboard the biosatellite Cosmos-690 did not show any significant changes as 
compared with the controls. At the same time a decrease of the K*/Na* ratio and a 
similar shift of Mg?*+ and Ca?* concentrations in plasma of irradiated rats as compared 
with these of non-irradiated animals demonstrated that the combined effects of space 
flight factors and gamma-irradiation influenced the system of ionic homeostasis in the 
blood. In the animals sacrificed on the R + | day the K*+/Na* ratio in the soleus muscle 
changed in favor of Na* and in the plantaris muscle in favor of K*, and remained essen- 
tially unchanged in the diaphragm. The comparison of the flight experiments with the 
ground-based controls showed that ion changes in muscles occurred due to ionizing ra- 


diation rather than due to weightlessness 


[Text] As shown by previous studies aboard Cosmos-605, long-term weight less- 
ness induces some changes in selectivity of muscular tissue of animals to 
ions of alkaline and alkaline-earth metals [1]. This redistribution of ions 
in tissues could serve as an indicator of functional and biochemical changes, 
which occur in muscles under the influence of the extreme factors of space 
flights. What is new in this study is monitored exposure of animals to 
radiation from an onboard source for the purpose of differentiation between 
the effects of radiation and gravitational space flight factors. 


Methods 


We studied skeletal muscles and internal medium of male Wistar albino rats 
weighing 200-250 g after a flight aboard Cosmos-690. We examined the follow- 
ing groups of animals: PO-1 and PO-2, experimental, sacrificed 1 and 26 days 
after the flight; SC-1 and SC-2, ground-based synchronous control simulating 
flight conditions, with the exception of weightlessness, and IC, intact 
control (vivarium animals). On the 10th day of flight, the animals were 
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Here and in Table 2, m is the number of animals examined. 
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Note: 





exposed to y-radiation aboard the biosatellite 
to a cumulative dose of 200 rad in 24 h. Control 
animals were also irradiated. 


We examined the following skeletal muscles: soleus, 
which is referable to the group of slow phasic 
muscles and perform essentially a tonic postural 
function in the body, plantaris, which is a 

rapid, mainly white muscle that effects chiefly 
rapid motor reactions, and the phrenic muscle, 
which occupies an intermediate position. 


Skeletal muscles were treated in the same way as 
in our preceding study [1]. Concentration of Nat, 
K+, Ng*+ and Ca*+ in mu-cle tissue and blood 
plasma was determined by the method of atomic 
absorption spectrophotometry [2]; inorganic phos- 
phate and chlorine ions of blood plasma were 
assayed by the method of automatic analysis [3, 4]. 
Tissue concentrations of ions were expressed in 
milliequivalents per kg wet tissue and ion content 
of the medium, in milliequivalents per liter blood 
plasma. 


Results and Discussion 


No reliable changes in endogenous ion composition 
were demonstrable in blood plasma of animals 
after the flight, as compared to the control 
(Table 1); nor was there a decline of K*/Na* ratio 
in PO-2 animals, as compared to PO-1, which is 

the opposite of the tendency observed in animals 
involved in the experiment aboard Cosmos-605 
biosatellite [1]. In spite of the fact that, 
with this number of experiments, these changes 
have little statistical reliability, analogous 
redistribution of concentrations of two other 
cations, Mg*+ and Ca**, in the blood plasma of 
PO-2 animals, as compared to PO-1, indicates that 
the combination in this experiment of space flight 
factors and onboard Y-radiation apparently affected 
the system of ion homeostasis of blood. The 
relative redistribution of concentrations of ions 
of alkaline and alkaline-earth metals was not 
associated with significant change in overall 
cation supply of plasma (I[Me]; see Table 1). 


The concentration of two other important components, 
inorganic phosphate and chlorine ions, also failed 
to differ in the animal groups studied (see 

Table 1). 
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At the present time it is considered as an established fact that there is 
functional determination of distribution of ions of alkaline metals in intact 
muscles [5, 6]. The distribution of Na *and K* in muscles of flight and 
control animals conformed with this pattern: in all groups, the Kt/Nat ratio 
increase in the following order: soleus, phrenic and plantar muscles, i.e., 
with increase in muscular capacity to perform rapid phasic contractions 

and loss of tonic properties. The changes in tissular concentrations in 
muscles could be related to both differences in volumes of intracellular 
fluid (VIF) and difference in ion selectivity of fibers. One day after 

the animals landed, the K+/Nat+ ratio changed in favor of Nat in the soleus 
muscle, in favor of Kt in the plantar muscle, with no change in the phrenic 
muscle (Table 2). 


The reliable dehydration of the plantar muscle of PO-1l animals, as compared 

to both types of controls, warrants the assumption that an increase in Kt/Nat 
reflects a relative decrease in tissular VIF. Estimates indicate, however, 
that this alone cannot explain the relative change in tissular ion composition. 
A 22 m /kg decrease in VIF of the plantar muscle in PO-1l animals, as compared 
to SC-1, would lead to more than 3 meq/kg decrease in concentration of Nat 
and no more than 2.5 meq/kg increase in concentration of Kt. On the other 
hand, a 2.1 meq/kg decrease in concentration of Nat in flight animals due 

to decrease in volume of interstitial fluid would lead to only a 1.6 meq/kg 
increase in concentration of Kt, which is also different from the mean experi- 
mental data. The obtained data indicate that, along with changes in tissular 
concentrations of ions due to a decrease in VIF, there may also be relative 
intracellular redistribution of ions of alkaline metals in favor of Kt in the 
plantar muscle of PO-1 animals. This means that functional exclusion of 

the capid phasic muscle, which apparently occurred during long-term weight- 
lessness, may lead to storing of additional free energy by fibers, in the 

form of a higher transmembrane ion gradient. 


The tonic postural function of the soleus under normal gravity conditions 

is effected by means of continuous impulsation from slow motoneurons. Me- 
chanical relaxation of the muscle, which apparently occurs in weightlessness, 
is perceived and transmitted in theform of proprioceptive afferent impulsa- 
tion to these motoneurons, inducing the corresponding changes in efferent 
innervation of the muscle. Biochemical changes, an irdication of which is 
increase in K*t/Na* in tissue, develop in a muscle deprived of normal neural 
influence, incluidng trophic [7]. Redistribution of ions, decrease in weight 
and certain other changes demonstrable in the soleus of anir-=!s that had 
participated in a long-term space flight resemble the signs of development 

of denervation atrophy of skeletal muscles after denervation thereof [8, 9]. 


The phrenic muscle must implement the necessary respiratory activity of 
animals, regardless of exogenous conditions; for this reason, the change in 
gravitation does not lead to impairment of the established stationary 
functional and biochemical status of this muscle, and it does not cause a 
change in its cation balance, 
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The postflight period was characterized by return of altered Kt/Na* content 
in the plantar and soleus muscles to the levels inherent in intact animals 
(see Table 2). 
Analysis of Mg*+ and Ca*+ content of the muscles studied failed to reveal 
reliable changes in concentrations of these ions. Thus, the parameters 
studied are resistant enough to ionizing radiation (lack of differences 
between animals in the synchronous experiment and intact control). A com 
parison of the results of flight experiments to ground-based controls re- 
vealed that ion changes in muscles are the consequence of the influence of 
altered gravity, rather than ionizing radiation. 
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INTENSITY OF DNA SYNTHESIS IN ANIMAL ORGANS AFTER FLIGHT ABOARD THE COSMOS-782 
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No 4, 1979 pp 30-33 


[Article by F. T. Guseynov, I. A. Yegorov, G. S. Komolova and R. A. Tigranyan, 
submitted 31 Dec 76] 


[English abstract from source] 


With respect to H®-thymidine incorporation the rate of DNA synthesis in the liver. 
spleen and thymus of rats was determined in flight and synchronous rats. Six hours post- 
flight the rate of H’-thymidine incorporation into the liver of flight rats did not differ 
from the normal (vivarium controls) and was 504% higher than in the synchronous rats. 
In the spleen and thymus of flight animals this parameter was 60 and 33% below the 
norm. Similar but less pronounced changes in the spleen were found in the synchronous 
rats. Twenty-five days postflight the rate of DNA synthesis in lymph organs recovered 


—— and tended to increase, whereas in the liver it remai significantly below 
« norm 


[Text] A study of rat organs after a 22-day flight aboard Cosmos-605 bio- 
eatellite revealed that the DNA content of the liver and spleen [1] and 
intrinsic viscosity of DNA from the spleen [2] do not change appreciably 

1 and 26 days after the flight, with the exception of some tendency toward 
decrease in DNA content of the spleen 1 day after the flight. Other authors 
have also reported the lack of changes in thymocyte DNA content [3], although 
they did find reliable, but reversible cytomorphological changes in lymphoid 
tissue and the blood system. Analogous reversible changes in the spleen 

of mice [4], as well as liver of mice and guinea pigs, were demonstrated after 
short-term flights in previous experiments [5]. There are also data con- 
cerning a reliable increase in incidence of chromosomal aberrations in 

mouse bone marrow [4] and in a culture of peripheral blood leukocytes of 
cosmonauts [6] following flights of varying duration. 


In this work, we submit the results of analysis of intensity of DNA synthesis 
in the liver, spleen and thymus of albino rats after a 20-day flight aboard 
the Cosmos-782 biosatellite. 
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Methods 


The experiment aboard Cosmos-782 was conducted with two ground-based controls: 
Control-l1 (vivarium) with special feed and Control-2 (synchronous experiment) 
in a mockup of the biosatellite under flight conditions. 


The animals were given intraperitoneal injections of 5-methy 1-*H-thymidine 
(11.8 Ci/mmole) at the rate of 1 wCi/g weight 4 h before they were sacri- 
ficed. After decapitation, pieces of extracted organs were thoroughly 
washed in cold 0.25% saccharose solution, rapidly frozen and stored in 
Dewar flasks with dry ice. 


DNA was extracted with hot 0.5 N perchloric acid after hydrolysis of RNA 
with alkali and removal of acid-soluble products from batches of air-dried 
defatted tissue powder [7]. Radioactivity of extracts was determined using 
a toluene scintillation mixture with triton X-100 [8, 9] (SL-30 liquid 
scintillation counter, Intertechnique, France); DNA concentration was also 
assayed (spectrophotometrically). We calculated specific radioactivity of 
DNA (SR DNA, counts/min* Wg). The data were submitted to statistical pro- 
cessing according to Student. 


Results and Discussion 


The Table lists the results of our experiments. The animals’ weight constitu- 
ted 250-270 g 6 h after landing and 300-330 g after 25 days. The SR DNA of 
orgens of all animals (including controls) examined 25 days after the 
experiments was found to be high, as compared to the early stage. For this 
reason, it would be purposeful to analyze the results of all experiments 

on the basis only of the results obtained on the corresponding control 
(vivarium) animals. After 6 h, the SR of liver DNA of flight anumals 

was virtually normal (vivarium control), whereas in the liver of animals in 
the synchronous experiment this index was about 50% higher than normal 
(P<0.05). 


These data are consistent with the results of assaying DNA in the rat liver 

l day after the flight aboard the Cosmos-605 biosatellite and in «he synch- 
ronous experiment [1]. For this reason, it may be considered that an 
increase in biosynthesis of DNA under the influence of the specific condi- 
tions under which the animals were kept, among which hypokinesia was in a 
prominent place, is one of the causes of high DNA content in the liver of 
animals in the synchronous experiment (Cosmos-605). The lack of analogous 
changes in the liver of flight animals could be attributed to the influence 
of weightlessness, which apparently prevents intensification of DNA synthesis 
and increase in content thereof. 


It is also apparent, from the data listed in the Table, that SR of spleen 
DNA in flight animals was 2-2.5 times lower 6 h after the experiments than 
in control animals of both variants (Control-1 and Control-2). The differ- 
ences are statistically reliable, and they are indicative of significant 
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depression of uptake of radioactive precursor in splenic DNA at the early 
postflight stages. Minor depression (by 15%) was also observed in the 
spleen of animals in the synchronous experiment, as compared to the vivarium 
control, 


Incorporation of *H-thymidine in DNA (SR DNA, counts/min*pg) of 
rat organs following 20-day space flight aboard the Cosmos-782 
biosatellite (Mtm) 


— Liver Spleen Thymus 
ariant of after | after 


experiment 
— 6h 25 days 6h 25 davs 6h 25 days 











(vivarium) 13,1° 30.04 | 28,543.06 | 58.1+12.4! 109.6+14 18.2+1,49 22.5+2,29 
2. Control-2 | 


(synchronous) * 21,243.51 | 49.543.56 | 116,2+40,52) 12,740.76 | 2754261 
1sS¥. 





3, Plight 14.4+1.34 | 17,341.03 | 22,942.55 | 114.8+13,09| 12,5+0,72 
Ps5<0,05 | P, 5< 0.05; * Pisa —— 
6 06 























*The results are arithmetic means of SR DNA of corresponding organs 
of 5-6 animals; in turn, the SR DNA of each organ is the arithmetic 
mean of 3-4 readings. 


On the whole, the findings in the thymus are analogous to those in the spleen. 
However, the absolute values of SR DNA in the thymus are considerably lower 
(of the same order as in the liver) and more reliable (by about 33%), but 

not as marked as in the spleen of flight animals. Depression of *H-thymidine 
uptake in DNA is observed in the thymus not only of flight animals, but 

those in the synchronous experiment. 


Thus, if we assume that there are no appreciable changes in levels of 
endogenous precursors (in this case, thymidine), on she basis of the ob- 
tained data it may be conc? uded that an appreciable a*crease in intensity of 
DNA synthesis is observed 6 h after landing in the spl*en and thymus, 

in contrast to the liver. Changes in the same directio: were also present 
in organs of animals in the synchronous experiment; however, there was less 
marked depression of DNA synthesis in the spleen (but not in the thymus). 

It may be assumed that the set of factors associated with space flights 

and lacking in the synchronous experiment (in particular, weightleseness) 
intensifies the depressing effect of specific upkeep conditions on DNA 
synthesis in the spleen. In the thymus, however, apparently because of its 
greater sensitivity to diverse extreme factors, depression is equally marked, 
and one cannot demonstrate differences between animals in the flight and 
synchronous experiments on the basis of this index. 
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If we consider that hypokinesia is the main factor involved in the synchronous 
experiment, we could conclude that this factor has a depressing effect on 

DNA synthesis in the spleen and, particularly, in the thymus at the early 
Stages after exposure to it. 


With reference to causes of depressed DNA synthesis in the rat spleen and 
thymus at the early postflight stages and at the end of the synchronous 
experiment, we should mention, first of all, the role of steroid hormones 
(glucocorticoids), excretion of which, as we know, increases in the presence 
of stress. The elevated glucocorticoid level has a lympholytic effect [10, 
11], due to synthesis of DNA, RNA and proteins in lymphoid tissue [12-14 and 
others]. 


SR DNA of the liver of vivarium animals (Control-1) is higher after 25 days. 
It was 25 and 39% higher than the SR DNA of the liver of animals in the 
synchronous (Control-2) and flight experiments, respectively. The reverse 
was observed in the spicen and thymus. 


It is easy to see that the direction of changes from normal in all organs 

of animals in the flight and synchronous experiments was, on the whole, 

the opposite of what occurred at the early stages (6 h after the experi- 
ments). At the later stages, metabolic processes are intensified in lymphoid 
tissue and inhibited in the liver, probably as a result of redistribution of 
energy and plastic resources, as a compensatory reaction. Increased uptake 
of labeled precursors in spleen DNA [13] and increased mitotic activity in 
the thymus [14] are observed after adrenalectomy. 


The level of incorporation of *H-thymidine on the whole, in all organs and 
variants (including controls), 25 days after the experiments was higher 
than at the preceding time. We cannot state that this is related to age- 
related changes in DNA synthesis. It is known that the levels and intensity 
of biosynthesis of nucleic acids do not increase in many organs with age, 

on the contrary, they decrease [15-17]. 


Evidently, the decrease in dilution of the isotope after injection is the 
most probable cause of increased uptake of labeled precursor in DNA of 
animal organs examined 25 days after the experiments. This could be related 
to two factors: 1) depletion with age of endogenous stock of precursors, 
in particular thymidine; 2) lack of correlation between internal organ 
weight increment and increase in total body weight with age. Since the 
radioactive precursor is given according to the animals’ total weight, 

in the case of lack of change or lag in weight gain of different organs, 
as related to total weight gain, there would be less dilution of the 
tracer in this org 1, and the amount of isotope per gram organ weight 
increases which, in turn, would lead to increased incorporation of "He 
thymidine in DNA. 
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[English abstract from source] 


elore and alter 5-day bed rest in the head-down position (at an angic of —-4.5") 
the healthy male test subjects were exposed to selective catheterization with blood sam 
ples withdraws from different compartments of the cardiovascular system. The content 
of glucose, insulin, lactic acid and B-lipoproteins was measured. After bed rest the sys- 
temmec circulation — mixed arterial and venous blood — showed a trend for a decrease 
of carbohydrate metaboliem and an increase of the content of B-lipoproteins Transcapil- 
lary metabolicm in different organs, first of all, in the brain and liver altered signi- 
licantly. The liver began to release glucose and ceased to utilize lactic acid whereas the 
brain increased substantially its release of B-lipoproteims The data obtained were ana- 
lvred using a model of carbohydrate metaboliem to control and artificial pancreas, 


[Text] Investigation of adynamic states is of great practical importance, 
not only in connection with ‘mplementation of programs of manned space 
flights, but to clinical practice, where such states occur whenever a 
patient is compelled to remain in bed for a long period of treatment. At 
the present time it is already well known that, even in healthy individuals, 
adynamic states lead to changes in metabolic activity of tissues and various 
forms of metabolism, including that of carbohydrates [1-5]. Moreover, as 
shown by experiments on animals, there is a definite organ- and tissue-speci- 
ficity of metabolic chatges under such conditions. However, vs were unable 
to find any information in che litwcature concerning distinctions thereof 
in healthy man. 


One should also devote much attention to organic redistribution of glucose 
and insulin in diabetic patients, due to the need to devise regulation 
systems for machines of the “artificial pancreas” type [8-10]. However, 
such investigations as a whole, as well as on healthy individuals, are 
general in nature thus far, and they do not take into consideration the 
specific nature of changes in different organs. 
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Our objective here was to investigate the effect of brief antiorthostatic 
hypokinesia (head-down position] (ANOG) on intraorganic redistribution of 
glucose, insuline, lactic acid and 8-lipoproteins in healthy subjects. 


Methods 


Selective catheterization was performed, taking blood samples from differ- 
ent parts of the cardiovascular system, on healthy male volunteers before 
and after 5 days of bed rest in antiorthostatic position, with the 

head end of the bed tilted at an angle of -4.5°. 


The tests were cade on a fasting stomach or after a light breakfast. Cathe- 
terization was performed under roentgenotelemonitor control; we also recorded 
an EXG, pressure and oxygenation of blood. One catheter was passed, 

through a puncture in the ulnar vein, to vessels of various organs, while 
another remained in the radial artery. 





Glucose content was assayed by the glucose oxidase method using a glucose 
analyzer [11]; insulin was assayed by the radioimmune method using double 
antibodies [12], lactic acid was determined by the method of Barker and 
Sammerson [13], and 8-lipoproteins by the turbidimetric method [14]. 


The results were processed on a computer, and the tcriterion was used for 
statistical analysis. 


Results and Discussion 


After 5 days of ANOG, against the background of about the same changes in 
systemic circulation (mixed venous and arterial blood), there were substantial 
differences in dynamics of parameters for blood of organic veins (see Table). 


It should be noted that some differences in transcapillary metabolism vere 
already demonstrated at the initial stage. Thus, there was excessive glucose 
uptake by the brain and heart, and this appeared against the background of 
mobilization of carbohydrate reservoirs of muscles and kidneys. With 
reference to the heart, liver and kidneys, there was excessive uptake of 
lactic acid; there was a tendency toward assimilation of 8-lipoproteins in 
the kidneys and skeletal muscles, whereas the opposite changes in this 
parameter were inherent in the brain (Figure 1’. 


Following ANOG, there was some decrease in concentration of glucose, insulin 
and lactic acid in systemic circulation, whereas 8-lipoprotein content, on 
the contrary, presented a ten’ ~°v toward increasing. Against such a back- 
ground, there was appreciab) e in transcapillary organic metabolisa, 
and this was the most typica. ' @ liver and brain. Thus, the liver began 
to “discharge” glucose into the ¢. omic circulation (P<0.05) and stopped 
assimilating lactic acid from incoming arterial blood (P<0.05), whereas 
there was a sharp increase in “discharge” of 6-lipoproteins by the brain 
(P<0.05, see Figure 1). 
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Effect of ANOG (bottom row of figures) on indices (Mem) of carbohydrate 
metabolism and §-lipoprotein content of blood samples taken from 
different parts of the cardiovascular systes 











Glucose,| Insclin,| Lactic | 8-lipo- | 
Part of fastiovesculer | mgt unitsmi| acid, ing 7 
Radial artery B32243 | 1SSOB | 107410 | 0492055 , 12 
63.7426 | i304 | 7241.7 | 0544001 7 
Brain 60.3454 | 114406 | 102208 | 0514065 9 
704435 | 10.7403 731 S | 06340.) 6 
Heart 76,0+2.6 11,0+1,0 70206 | 04940.0i 4 
8 5+5.0 12,0+-72.0 sos! 5S |04420.@ 2 
Liver 936240 | 11,0405 79209 | 048+0.05 i2 
sass | teats | iets [ogee | 
— 81,3423 | 10,0404 | 7.3417 | 0530.1 7 
Muscles of lower limbs | 94,045.0 | 104403 | 10,0410 [0444005 | 10 
80.6+1.6 10,1208 7415 | 0484009 7 
Right ventricle of heart | 93,5440 | 116409 | 106+1.0 | 04640,06 i2 
(mixed venous blood) S620 | 101S02 | THeld | 0595008 | 7 




















We decided to use a model of carbo- 
hydrate metabolism, which we de- 
veloped, to analyze the results ob- 
tained; it can be used not only 

to control an artificial pancreas, 
but to study changes therein in 
healthy man [15]. Im our opinion, 
this model can also be used to offer 
a partial interpretation for some 
of the organic changes in parameters 
of carbohydrate metabolism under 
—— simulated weightlessness conditions. 





Insulin 





Lactic acid The model, a flowchart of which is 
as illustrated in Figure 2, is, of 
—, course, connected to the circulatory 
system. Several assumptions were 


‘units 8-lipoproteins made in designing it: the brain, 
evs 9 4 acy 2 heart, muscles, kidneys and —— 
sais Sake ee were classified as the main peri 
4432 25 4432 pheral consumer units of systemic 

circulation, and the lungs served 
Figure 1. as the main and sole consumer unit 
Effect of ANOG on indices of carbo- for pulmonery circulation. Under 
hydrate metabolism and lipoprotein natural conditions, the section that 
content of arterial blood (dash line) includes the pancreas, intestine and 
and blood flowing from different spleen, with subsequent efflux of 
organs (for lungs, mixed venous blood into the liver, occupies a 
blood) special place in the circulatory 
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System. Input of insulin in the organism is, of course, related to the 
pancreas and that of glucose, to the intestine. The liver is the main 

and primary consumer of glucose and insulin. Under the conditions of our 
study, this section of the model is considered generalized, i.e., according 
to arterial inpuc and venous hepatic output. In designing the placement 

of different organs, it was borne in mind that each would perform two func- 
tions: actual tissular metabolism and participation in regulation of 

basal metabolism for insulin and glucose. The mediated influence of neuro- 
reflex regulation, as well as elements of humoral regulation, including 
endocrine factors, were considered according to variabili*y of parameters 
of the described organs, and the influence of the circulatory system, 
according to distinctions of transport of both controlled and controlling 
elements and signals. 


Figure 2. 
Flowchart of carbohydrate metabolism 




















BuH) internal accumulator 
Bull) internal consumer 
3C) ES, endocrine system 
113d) threshold element 
YH) insulin user 
BHHIT) internal accumulator & consumer 
WHC) CNS, central nervous system 
T) glucose, G 
MH) insulin, I 
KI) glucose level comparator, CG 
HU) insulin accumulator, IA 
KH) insulin comparator, IC 
BI) excretion unit, EU 
BH) buffer accumulator, BA 
BP) splitting unit, SU 
['H) glycogen, Gn 
3 HH) glycogen accumulator, GnA 






























































Organs 


























In our model, the intestine is a food receiver, in which secretion of glucose 
into blood takes place via two routes: monosaccharides through a buffer 
accumulator (BA) and polysaccharides, through a splitting unit (SU). The 
rate of input of monosaccharides into blood is a nonlinear exponential 
function of amount thereof in the BA. The rate of input of splitting products 
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in the BA is also an exponential function of amount of polysaccharides at the 
output of SU, but the index of the exponential function of SU also includes 
the rate of the splitting reaction, which reflects the low operating speed 

of the second channel for input of monosaccharides in blood. In our opinion, 
this is a simplified model of the carbohydrate-active section of the intes- 
tine. Let us recall that we collected blood samples on a fasting stomach, 
before and after ANOG; for this reason, local tissue metabolism in this 

part of the intestine apparently played a more important role in this study. 


Tissue metabolism proper is represented by the unit of internal consumption 
and accumulation, which reflects cellular uptake and accumulation of carbo- 
hydrates. The rate of uptake by this organ depends on the specifics of the 
cells proper, size of organ, as well as amount of substance accumulated in 
cells. The correlation between amount of glucose assimilated and insulin 
content is ‘etermined by the distinctions of each organ and may be considered 
constant within each organ, 


In the first approximation, the model of the pancreas contains a source of 
secretion of insulin (1), intermediate insulin accumulator (IA) and 
comparator of glucose level (CG) in incoming blood. 


The source of insulin secretion may be considered a source with limited 
secretion rate and mixed characteristics, indicative of lack of insulin 
secretion with glucose content below the threshold level. The insulin accu- 
mulator is a buffer tank that provides for pulsed delivery of a large 
amount of insulin to compensate for pulsed access of glucose while ingesting 
food. The function of the accumulator is of a relaxation nature, and the 
relaxation period may be considered constant, while the rate of insulin 
secretion during relaxation depends on concentration of glucose in blood, 
rate of change therein and amount of stored insulin. Apparently the change 
in glucose tolerance, which is observed in healthy subjects at the later 
stages of restricted movement [2], can be attributed to this distinction. 


Tissular metabolism proper is analogous to metabolism in the intestine with 
accuracy to the parameters that determine the distinctive features of cells 
of a given organ. 


The model of the spleen is represented only by tissular metabolism of the 
organ. 


The liver is the most complex model, since it occupies a special place in 
regulation of carbohydrate metabolism, and this was manifested just as 
distinctly in simulated weightlessness. 


In view of the energy-related role of glucose, the liver can be viewed as a 
secondary source of energy in the body. For this reason, the homeostatic 
regulatory mechanism of the liver includes a glucose accumulator (in the 
form of glycogen) and insulin accumulator. The secondary source of liver 
glucose consists of a comparator of glucose level in incoming blood (CG, and 
CG2), glycogen accumulator (GnA) and converter of glycogen into glucose 
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(Gr*G). When insulin is present in blood, the rate of accumulation of glucose 
depends on its concentration in blood, volume of accumulated glycogen and it 
is exponential, the shift characteristic, i.e., accumulation of glucose, 

is referable primarily to the case when its level in blood is high enough 
(signal from CG,). With decline of blood glucose level, the signal from 
comparator CG? triggers the converter of glycogen to glucose (Gn*G), for 

which reason it passes into blood, and this is what apparently occurred under 
the influence of ANOG (see Figure 1). 


According to our hypothesis, the mechanism of accumulation and utilization 
of insulin consists of an insulin comparator (IC), accumulator (IA) and 
utilizer (IU). There is accumulation of insulin when a certain threshold 
is exceeded (IC), when the insulin content is greater than the amount re- 
guired for assimilation of glucose by all organs. With saturation of the 
accumulator, there is clearance and utilization of insulin. The rate of 
accumulation of insulin depends on its concentration in blood and amount 
accumulated in an organ. 


In our model, the kidneys are represented by a comparator of glucose level 
(CG and excretory units (EU). When the glucose concentration exceeds the 
permissible range, the comparato: issues the signal for excretion thereof. 


The other organs do not have an appreciable influence on regulation of 
carbohydrate metabolism, and they can be represented by elements of tissular 
metabolism proper, with the exception of muscles, from which accumulated 
glucose may partially return into blood. 


Finally, the nervous system unit includes a comparator of glucose level (CG), 
while we can arbitrarily disregard accumulation function in the nervous 
system. In this regard, we are impressed by the fact that, in spite of 
decline of glucose level in the systemic circulation, delivery thereof to the 
brain remained "splendid," as before [16]. In other words, immobilization 
combined with gravitational redistribution of body fluids in general and 

in the skull in particular had no appreciable influence on the process of 
glucose utilization by the brain. 


In conclusion, it should be noted that the results of this study will be 
used to develop systems for control of an artificial pancreas and further 
refinement of models of carbohydrate metabolism of healthy subjects, as 
related to different conditions of vital functions, including weightlessness. 
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{English abstract from source] 


The effcet of a changed atmosphere, hypoxia, hypercapnia, their combinations and 
different motor activities on the adrenocortical function was studied in 36 test subjects 
kept in an 8 m?’ altitude chamber. Human adaptation to the environmental changes deve- 
loped with an active involvement of the adrenal cortex. The level and direction of the 
os depended on both the force of the influences and on the initial state of the test 
subjects 


[Text] The body's adaptability depends significantly on the functional 
state of the adrenal cortex [1-3], which undergoes certain changes in 

an altered gas environment. It must be stressed that there are few works 
dealing with the state of the adrenal cortex in the presence of an oxygen 
shortage, and such studies were usually conducted for brief periods of time. 
The results submitted in the literature on this score are contradictory. 
Thus, some authors [4] observed an increase in adrenocortical function in 
the presence of hypoxia, while others [5], on the contrary, reported a 
decrease in activity. Thorn et al. [6] failed to demonstrate changes in 
adrenocortical function while breathing a hypoxic gas mixture (p02 105 mm Hg) 
for 20-30 min. 


There has not been sufficient investigation of function of the adrenal 
cortex in the presence of hypercapnia, as well as under the combined effect 
of hypoxia and hypercapnia. It is known that the factor of time spent in 
an artificial atmosphere is of independent biological significance [7]. 


There is also an extreme shortage of data on the effect on adrenocortical 
function of a combination of altered gas environment, hypokinesia and 
measured physical load. 
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Our objective here was to study the long-term effect of an altered gas en- 
vironment (hypoxia, hypercapnia, as well as a combination thereof) and 
different exercise regimen on adrenocortical function. 


Methods 

The studies were pursued in an 8 n° pressure chamber at normal barometric 
pressure and with lowering thereof to 405 mm Hg. A total of 36 subjects 
ranging in age from 22 to 40 years participated in 18 studies (2 people in 
each, 4 series). 


In series I (each study lasting 10 days), adrenicortical function was studied 
in the presence of hypoxia (studies 1-3), hypercapnia (study No 5) and 
combination of hypoxia and hypercapnia (study 4). In series II (lasting 

14 days), we tested the influence of the following factors on adrenocortical 
function: normoxic environment combined with simulated malfunction of life 
support system (LSS) against the background of the usual regimen of physical 
activity (study 6); hypoxic-hypercapnic environment combined with LSS mal- 
function against the background of usual physical activity (study 7); hypoxic- 
hypercapnic environment combined with simulated LSS malfunction against the 
background of hypokinesia (study 8). 


Malfunction of the LSS was simulated by briefly stopping delivery of oxygen 
into the chamber and removal of carbon dioxide from it. 


In series III, we tested the influence of the following factors on adreno- 
cortical function: normoxic environment against the background of hypokinesia 
(study 9); periodically [cyclic] changing (every 5 days) 02 and CO2 levels 
within the ranges of 105-125 and 1-12 mm Hg, respectively, with ordinary 
physical activity (study 10); combination of cyclic change in 02 and CO, 
content against the background of hypokinesia (lith study). 


In series IV, we tested the infuence of the following factors on adreno- 
cortical fi..cstion: normoxic environment against the background of hypokinesia 
(12th study); periodically changing (3 times a day) 02 and CO2 content within 
the ranges of 105-125 and 1-12 mm Hg, respectively, under hypokinetic condi- 
tions (studies 14 and 15); combination of periodically changing O02 and CO, 
content, hypokinesia and measured physical load (studies 13, 16, 17 and 18). 


Each study in the third and fourth series lasted 30 days. 


Assay of ll-hydroxicorticosteroids (11-HCC) in blood plasma is the most ade- 
quate method of studying adrenocortical function [1, 8]. We assayed 11-HCC 
of blood plasma by the fluorimetric method [8]. 


Throughout the studies, the subjects were given a diet that was developed for 
the crew of the Salyut station. It consisted mainly of canned goods, with 

a 3-day menu plan for taking 4 meals a day. The mean caloric value of 

the diet constituted 2913 kcal per day. It contained 147 g protein, 1l3 g 
fat, 307 g carbohydrates, 0.8 g calcium, 1.9 g phosphorus, 3.2 g potassiun, 
5.4 g sodium and 0.3 g magnesium (according to analytical data). 
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The diet was well-balanced with regard to amounts of the main nutrients, 
and it contained a high vitamin content, which was given in the form of 
Undevit lozenges (2 per subject). 


Results and Discussion 


A minor decline vf IIHCC level of blood plasma was observed on the 2d day 


of exposure to moderate hypoxia (p02 125 mm Hg, study 1). Thereafter (on the 
6th day), the amount of 11-HCC reverted to base levels (Table 1). 


Table 1. 11-HCC content of blood plasma of subjects exposed to a hypoxic- 
hypercapnic environment (gZ) 








Day of After-ffect 
Study} BG* | exposure effect 
No 2 6 period 
1 27.5 3.1 28.3 318 
2 27.5 33.1 26.5 23.5 
3 248 24.) 19.1 28.6 
a 18,7 21.8 21,3 i9.8 
5 21.3 19,3 26.2 26,2 

















*Background, here and in rest of tables. 


The L1-HCC content of plasma increased only on the 2d day in subjects exposed 
to more marked hypoxia (p02 105 mm Hg, study 2). At other times, 11-HCC 
content was normal. In analogous study 3, conducted after 25-day preadapta- 
tion in the mountains (3200 m altitude), there was no appreciable change in 
11-HCC concentration on the 2d day. On the 6th day of exposure, 11-HCC level 
was 23% lower than the base level, whereas after the test it was, on the 
contrary, 15% higher. 


Exposure of subjects to a hypoxic-hypercapnic gas environment (p02 125 mm Hg; 
pCO2 12 mm Hg) combined with a 2-h decompression test induced elevation of 
blood plasma 11-HCC level (study 4). Im the cases where normal atmospheric 
pressure and Po, were maintained in the pressure chamber (study 5), with 

high CO2 content (Pop, 12 mm Hg), there was a decline of blood plasma 11-HCC 
level on the 2d day and 23% elevation on the 6th day of the study. 


We observed elevation of 11-HCC level in plasma when the subjects were ex- 
posed to an atmosphere with normal 02 and CO content in the pressure chamber, 
as well as with simulated LSS malfunction. After repeating (at the end of 

the test) the simulated LSS malfunction, we could not demonstrate this effect 
(Table 2, study 6). We observed a decrease in 11-HCC concentration at the 
start of the study (5th day) when LSS malfunction was simulated after long- 
term exposure to a hypxoxic-hypercapnic environment (study 7). Thereafter, 
plasma 11-HCC content was above background levels. The combination of a 
hypoxic-hypercapnic environment and hypokinesia (study 8) caused elevation of 
11-HCC Level on the 7th day and drop on the i2th day. 
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Table 2. 11-HCC content of blood plasma in subjects exposed to a hypoxic- 
hypercapnic environment, as well as hypokinesia combined with 
simulated LSS malfunction (ygZ) 











Day of exposure /After- 
Study; 5 effect 
No 5 ? © §6| 12 | period 
6 22,3 | 26.8 | 224) 229/210) 243 
7 25.0 | 173 | 274 )293| 8) 242 
8 24), — | Wi} — | 25) 21,7 























Table 3. 11-HCC content of blood plasma of subjects exposed to periodically 
changing (every 5 days) O02 and CO2 levels (\ig%) 






































Cycle of exposure fter- 
Study effect 
No BG i 2 3 4 5 6 period 
j 
4 27.0} 33.2 | 22.2) 21,1 | 28.3 8 44:34 
10 25.6 | 29.1 | 20.1 | 29.8) 15.9/ 21.6 20.3) 22.2 
li 27.0) 3.1 | 38.8 31.9 | 3.1 | 26.1 | 31.2 wi 





There was an increase in blood plasma 11-HCC concentration when the subjects 
“ascended to an altitude” of 7500 m (without supplying oxygen) after prior 
exposure for 1 month to hypokinesia and normal gas composition of the 
environment (Table 3, study 9). 


Lowering the pO, in study No 10 with periodic fluctuation of the main para- 
meters of the gas environment in the atmosphere of the pressure chamber 
induced an increase in blood plasma 1]-HCC content. In the cases where 
hypoxia was combined with hypercapnia (2d and 4th cycles), the concentration 
of 11-HCC was lowered. The 11-HCC level was high throughout the study of 
subjects exposed to an altered gas environment and hypokinesia (study 11). 


We see from th. submitted data (Table 4) that there was a 14-43% decline of 
blood plasma 11-HCC level in subjects exposed to a normal atmosphere and 
hypokinesia (study 12). The combination of a normal atmosphere and hypo- 
kinesia, with measured physical load (study 13) had a stinulating effect 
(elevation of plasma 11-HCC Level throughout the study). Decline of 11-HCC 
level of blood plasma was observed on the 5th and 23d days of the study 

in the case of an active, dynamic atmosphere (p02 105 and pCO2 12 mm Hg 

from 0700 to 1500 hours; p02 115 and pCO2 5 mm Hg from 1500 to 2300 hours; 
p02 125 and pCO2 1 mm Hg from 23C0 to 0700 hours) and hypokinesia (study 14). 


There was an increase in concentration of 11-HCC on the 5th and 23d days of 
the study in the cases where an active dynamic atmosphere (p02 125 and pCO? 
l mm Hg from 0700 to 1500 hours; pO2 115 and pCO. 5 mm Hg from 1500 to 2300 
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hours; pO» 105 and pCO? 12 mm Hg from 2300 to 0700 hours) was combined with 
hypoxinesia (study 15). There was a decline of 11-HCC evel on the 12th and 
i8th days of the study (studies 16-18) under the combined effect of an 
active dynamic atmosphere (analogous to study 15), hypokinesia and measured 
physical exercise. 


Table 4. 11-HCC content of blood plasma of subjects exposed co an environ- 
ment with periodically changing (in the course of a day) concentra- 
tions of 02 and CO2 (gt) 








— — 3— — — ⸗ 














Day of ure After- 

Study 8G effect 

No s 12 is 23 period 
12 45 | 14.0] 125 — 83 11,0 
13 105 | 431 4.87 171 15.5 13,2 
14 48;10.1 | 13.1 | 124 7.7 12.4 
15 129 |} 1441 12.0 — 17.3 10.1 
i6 2.31 185 /| 158 — 13,7 12.5 
17 16.7 | 194 1 125 1 10.7 | 14.2 16.2 
i8 4.2 | 15.3 | 12.61 11.6) 16.0 21.5 























The data obtained in these studies indicate that the adrenal cortex is 
activeiy involved in the body's adaptation to the altered habitat in a 
pressure chamber. This is indicated by changes in functional state of this 
organ. 


The degree and direction of changes were related both to the strength of 
the factors and initial condition of the subjects. 
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and Yu. A. Spasskiy, submitted 24 Feb 77] 


{English abstract from source] 


The paper presents the results of studying man's gas exchange and encrgy ——— 
iares as telated to the composition of a cyclically changing environment of an altitude 
chamber. The experiments were carried out on a 24-hour basis. The paper gives the envi- 
roemental parameters that physiologically were most adequate as the training factor, The 
re —22 me suggest that the enclosed environment used 1s suitable to privent 
iy pokimesta cffects 


[Text] One of the most important problems of space flights is physiological 
substantiation of principles involved in forming an artificial atmosphere in 
manned cabins of spacecraft. 


As we know, when man spends a long time in small pressure chambers, i.e., 
when his physical activity is restricted, there is a decrease in mental and 
physical fitness, resistance to accelerations and acute shortage of oxygen 
[1-6]. Adaptation to hypoxia induces a number of physiological changes in 
the human body, which are qualitatively the opposite of reactions that occur 
in the presence of hypokinesia and weightlessness [7-11]. Moreover, the 
studies of a number of authors revealed that hypoxia induces physiological 
changes in the body that are similar to those that appear with physical 
training [12-13]. 


The changes in the same direction, which are observed in the case of oxygen 
deficiency and physical training, warrant the belief that it would be 
desirable to make broader use of moderate hypoxia as a means of preventing 
hypokinetic disorders, particularly in those cases where it is impossible 
to exercise. 
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In this work, we submit the results of our studies of exchange of gases and 
energy expenditure as related to composition of periodically [in cycles] 
changing artificial atmosphere in a pressure chamber in the course of a 24-h 
investigation. 


Methods 

Seven studies were conducted with the participation of 14 essentially 
healthy gwen of about the same age and weight, in an & =’ pressure chamber 
with normoxic and hypoxic environments. 

A dynamic atmosphere, with three changes in partial gas pressures in the 
course of the day, was used in five studies. The characteristics of 

test conditions are listed in Tabie 1. 


Table 1. Conditions under which investigations were conducted 











Total | 
press. 
st 
a Motor activity = Be 
Hypokinesia 760 
} Hypokinesia + exercise = 
j lypekinesta 405 
5-7 Hypokinesia+exercise| 45 
i 





























In allof the studies, the subjects were submitted to hypokinesia: bed rest 
with permission to get up only for physiological tests and the set of 
exercises scheduled for studies 2, 5, 6 and 7; the subjects exercised in 
the morning and evening (40 min at a time). The intensity of exercise con- 
stituted a mean of 875 kg-m/min. 


Studies of gas exchange and energy expenditure were conducted by the metnod 
of Douglas at relative rest, with the subject reclining in bed, 3 times a 
day (at 0700, 1400 and 2200 hours, i.e., at the end of each of the three 
cycles of circadian change in parameters of the atmosphere of the pressure 
chamber), as well as during exercise on a bicycle ergometer (study 7). 


The subjects remained in the dynamic atmosphere for 24 h. In addition, in 
order to obtain background data and study the aftereffect period, the sub- 
jects spent 6 days in the pressure chamber in a normoxic environment. In all, 
they spent 30 days in the chamber. 
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Resu.ts and Discussion 


Oxygen uptake in the course of the day constituted a mean of 240 af/min in 
a normoxic gas environment (studies 1 and 2). It was somewhat lower in the 
morning (200-225 ml/min) than in the daytime and evening (240-260 nl/min). 
Analysis of levels of oxygen uptake and pulmonary ventilation revealed that 
an average of 31-32 mi oxygen/min (coefficient of oxygen uptake) vas 
utilized in the course of a day per liter air entering the respiratory 
tract with the body at relative rest; this coefficient was highest in the 
morning and daytime, and lowest at night. In study 3, with partial oxygen 
pressure of 125 mm Hg at night, 29 af oxygen (STPD) was absorbed per liter 
raretied air. im the second half of the day, at lower partial oxygen 
pressure (115 mm Hg) 208 ml/min oxygen was absorbed and at the time of 
maximum activity (morning) there was the least efficient uptake of oxygen 
from air (25 al/min), although ventilation was at « saxioun. 


Table 2. Energy expended by subjects when exercising on bicycle ergometer 
(kcal/min) 

















Time of study 
back! joad [back load 

Before exposure) ; 52 | 5.38% 1) | 1.55 | 5.1608 1) 
. 7.12 Oe 2 5.65% 2 
During 1.48 | 458068 1) | 1.83 | 49208 1) 
6. 2D 5.58 Oe 2 
After . 1.9) | 5.72Qe 1) | 1.67 | S726 1 
6.88 2) 6.18 2 














Note: Test [“load"] number is given in parentheses. 


In studies Nos 5-7, with a dynamic gas environment, there was the least 
efficient oxygen utilization at night and in the evening hours (26 = /min), 
while 30 m oxygen was utilized per liter air that passed through the lungs 
in the first half of the day. 


Elimination of carbon dioxide through the respiratory tract corresponded to 
oxygen uptake levels. We failed to demonstrate a definite pattern in the 
changes in walue of the respiratory coefficient. 


Thus, in studies 5-7 with periodically changing atmosphere, the coefficient 
of oxygen uptake was at a maximum in the daytime, and this may be considered 
one of the signs of effectiveness of the air environment used. 


As noted above, in study No 7 we also examined the energy expended by the 
subjects when exercising on a bicycle ergometer. These studies were made 
once a week during exposure to the dynamic atmosphere. Energy expenditure 
was determined in a state of relative rest, before exercising on the bicycle 
ergometer and during exercise in a stable state with loads of 550 kg-a/ain 
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(load No 1) and 700 kg-m/min (load No 2). The results of these studies are 
listed in Table 2. The data submitted in Table 2 indicate that there were 
similar changes in energy expended by subject D. during exposure to the 
hypoxic environment, with both load No 1 and No 2. During the exposure 
period, the level of expenditure of energy decreased, as compared to the 
levels preceding exposure, then increased again. In subject N., we observed 
the same pattern with load No 1, whereas with load No 2 there was an in- 
crease in energy expended during the exposure period; true, energy expended 
at relative rest was also higher. 


Analysis of the results obtained shows that changes in energy metabolisn 
in the subjects occurred against the background of relative hypokinesia. 
Hypokinesia per se, which was related to being in a small chamber, lowered 
energy metabolism, but as a rule there was 4 greater increment of energy 
expenditure for a specific exercise, as compared to the state of relative 
rest, particularly with increase in fatigability [14]. In this regard, it 
is interesting to analyze the increase in energy expended by the subjects 
while exercising on the bicyle ergometer, as compared to the state of 
relative rest (relative difference in expended energy). 


The resui’'+ wubmitted in Table 3 indicate that there is a decrease in relative 
differenc: t :tween energy expended by both subjects during exposure to the 


dynamic .*= sphere. 
Table 3. .elative difference in energy expended, z 
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Subject © e| ef e| eo] « 
of fof] 8] Sl e815 

se /Se)fe/selgelee 

D. 24 213 199 | 368 ce | 
N. 233 169 “ee 221 | 270 

















From the standpoint of the well-known principle of minimization of energy 
expenditure, the decrease in level thereof can be interpreted as improved 
efficiency [fitness] of the subjects (P**.05 with load No 1 and P>0.05 
with load No 2). Thus, N. P. Yeremenk» established [15] that great mobiliza- 
tion of all physiological mechanisms, which provide for high efficiency, 
is observed in conditioned athletes when they are “working.” One of the 
manifestations of mobilization of compensatory and adaptive reactions of 
the body is the decrease in oxygen uptake during stable exercise, which 
makes it possible to largely compensate for oxygen want during exercise 
and increases the capacity to perform exercise for a longer time. A. A. 
Artynyuk [16] also found that, in highly conditioned athletes, cyclic 
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exercise of near-threshold intensity is performed with less increase in 
pulmonary ventilation and oxygen uptake, which is indicative of a higher 
efficiency. The author believes that conditiong develops by means of an 
increase in efficiency [fitness] during adaptation to hypoxemia. 


Previous studies are indicative of a decrease in expenditure of energy 
during a many-day stay in a small pressure chamber with the usual atmosphere 
[l, 7, 14]. 


The finding in study No 7 may serve as additional proof of the beneficial 
effect of a dynamic gas environment, which is periodically altered in the 


course of a day, on efficiency of a man who spends a long time in a 
small chamber under hypokinetic conditions. 
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DISTINCTIONS OF INFLUENCE OF THE RETICULAR FORMATION OF THE MIDBRAIN ON THE 
HEART AND RESPIRATION WITH EXPOSURE TO CENTRIPETAL ACCELERATIONS 


Moscow KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHESKAYA MEDITSINA in Russian 
No 4, 1979 pp 46-50 


[Article by L. D. Klimovskaya, submitted 24 Feb 77] 
{English abstract from source] 


Experiments were carried out on white rats and rabbits exposed to iraneverse accele- 
rovonms of 6 -10 @ for 5 min. Before, during and aficr centrifugation the reticular formation 
om the midbrain underwent high-frequency electric stimulation. During centrifugation the 
iwhibitery effects of the reticular formation on the cardiorcspiratory rhythm decreased, 
whereas stimulatory effects either remained unchanged or increased 


[Text] Centripetal accelerations induce phasic changes in spontaneous bio- 
electrical activity of brain structures [1-5]. As a rule, the electrographic 
changes at the early stages of exposure are indicative of involvement of the 
reticular activating system of the brain stem, which apparently reacts to 

the drastic intensification of afferent intlux of impulses into the central 
nervovs system. We previously demonstrated that, in rats submitted to 8-fold 
transverse acceleration, one observes a rather distinct correlation between 
intensity of electrographic signs of the awakening reaction (appearance of 
regular 6-rhythm on the electrocerebellogram) and nature of change in 

rate of respiration and cardiac contractions [6]. According to existing 
views, the mesencephalic reticular formation is an important element of 
central mechanisms of regulation of autonomic functions [7]. This work 

deals with analysis of its influence on the functional state of the cardio- 
vascular and respiratory systems during exposure to centripetal accelerations. 


Methods 


This study was conducted on 10 waking rabbits and 70 rabbits under superficial 
anesthesia (40 mg/kg nembutal or 70 mg/kg chloralose intraperitoneally). 

Bipolar electrodes of nichrome wire (0.1 mm in diameter) in glass insulation, 
with interpole distance of 0.3~-0.5 am, were implanted in the reticular formation 
of the mesencephalong according to the approrpiate coordinates. The location 
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of tne electrodes was checked post mortem on histological sections. Square- 
wave pulses (0.5 ms) from an electronic stimulater with an insulating attach- 
Ment at the output were used to stimulate the brain. Stimulation time 
constituted 30 s and frequency, 100/s. The voltage cf stimulating current 
was selected on an individual basis for each animal, with determination of 
threshold level. The animals were exposed to 6-10 G transverse (back--chest) 
accelerations on a centrifuge, with a rotation radius of 4.2 m. Time of 
exposure to a specified level of accelerations was 5 min. During the experi- 
ment, we recorded the respiratory excursions, EKG in the second standard 

lead and additionally, in the tests on rabbits, we recorded spontaneous bio- 
electrical activity of the mesencephalic reticular formation (lead from a 
region symmetrical to the one stimulated) on an 8channel encephalograph 

with automatic band analyzer. The reticular formation of the midbrain was 
submitted to high-frequency stimulation before rotation, in the 2d min of 
exposure to accelerations of the specified level, then 1, 10 and 20 min after 
stopping the centrifuge. In control experiments, it was shown that no 
habituation develops to the mode of stimulations we used. 


Results and Discussion 


At the present time, a rather compiete idea has been formed about the 
changes in function of the cardiovascular and respiratory systems induced 

by accelerations, the nature of compensatory and adaptive processes, and 
participation of the autonomic nervous system in them [8, 9 and others]. 
Figure 1 illustrates a typical reaction of a rabbit to 10-fold transverse 
accelerations. As can be seen in Figure 1, there was a drastic increase in 
amplitude and frequency of respiratory excursions, and in heart rate. There 
was a significant change in nature of bioelectrical activity of the mesen- 
cephalic reticular formation. A “stress rhythm" appeared on the electrogram; 
according to the results of automatic analysis this was associated with 
considerable decrease in energy of frequencies in the 4-range (2-4 Hz) and 
increase in energy of frequencies in the O-range (4-8 Hz), which became 
dominant. Against the background of these changes, there were usually sub- 
stantial changes in the animals’ reactions to stimulation of the mesencephalic 
reticular formation. Significant decrease or even complete disappearance 

of reactions, manifested by slowing of heart and respiration rates, was the 
most noticeable effect of accelerations. This phenomenon is illustrated in 
Figure 2. Before rotation, stimulation of the regicular formation induced 
bradycardia and cessation of respiratory excursions in rats. The cardiac 

and respiratory reactions to electric stimulation of the same intensity 

were markedly attenuated with exposure to 8 G accelerations. The stimulation 
effects were restored, though not entirely, 1 min after stopping the centri- 
fuge. When stimulation of the reticular formation induced bradycardia and 
faster respiration, only the cardiac component of the reaction was signifi- 
cantly diminished during rotation, while the respiratory one usually was 
retained (Figure 3A). Interestingly enough, accelerations sometimes 
transformed inhibitory reticular influences into excitatory ones. In the 
case illustrated in Figure 3B, prior to rotation the rat reacted to stimula- 
tion of the reticular formation by a drop in frequency of respiratory 
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excursions and cardiac contractions; during 10-fold exposure to accelerations 
it began to react to the same stimulation only by faster respiration. Ten 
minutes after stopping the centrifuge, the reaction to stimulation of the 
reticular formation regained the customary form for this animal, but brady- 
cardia was soie marked than before rotation. 


' n Figure 1. 
V. apron’ Mo Ss maroc Rabbit's reaction to accelerations 
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There was consistent depression of inhibitory reticular influences on respira- 
tion and cardiac function under the effect of accelerations, and it was 
eugally demonstrable in anesthetized rats (regardless of type of anesthesia) 
and waking rabbits. The extent thereof increased with increase in level 

of accelerations. According to the mean data, there was a 45 and 75% decrease 
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in effect of stimulation of the reticular formation, in the form of brady- 
cardia in rabbits, with exposure to 6 and 10 G accelerations, respectively; 
8-10-fold accelerations induced statistically reliable and rather prolonged 
changes. According to the data in the Table, the most substantial changes 

in rats exposed to 10-fold acceleration were observed during rotation, when 
there was virtual disappearance of the inhibitory effect of stimulation of 
the reticuiar formation om cardiac and respiration rates. One minute after 
stopping the centrifuge, there was a tendency toward restoration, but reliable 
differences from background data still persisted; after 10 min, there were no 
significant differences from base values. It should be noted that the 
recovery process was more complex than demonstrable by the mean data. For 
example, intensification of bradycardia induced by stimulation of the reti- 
cular formation was a rather typical phenomenon in the aftereffect period 
(Figure 3B). Usually there was more complete recovery by the 20th-30th min 
after stopping the centrifuge. 


Effect of accelerations on inhibitor influence of stimulating the rat's 
mesencephalic reticular formation (Mtm) 

















Parameter change during stimulation, 
% of base value 
Parameter Number , 
of before |2d min |[|after stopping 
- of ex- 
cases fotation |posuretq 1 min |10 mi 
10 G _* 
Rate of cardiac contractions 3! 64.043.4 | 94.242,2° | 45+3,9° 69.4474 
Rate of respiratory 12 35.7+11.6 | 89,.9-411,3° | 76,3410.0° | 54,3418,7 
excursions 




















*P<0.05, as compared to prerotation data. 


With regard to evaluation of the effects of accelerations on the excitatory 
and inhibitory influences of stimulation of the reticular formation, the 
changes in heart rate of rabbits are of particular interest (Figure 4). In 
this animal species, stimulation of the reticular formation induced mostly 

a biphasic reaction: significant bradycardia during stimulation and a tendency 
toward tachycardia in the poststimulation period. During rotation against 
the background of tachycardia, there was a sharp decrease of the change in 

the direction of lower heart rate, whereas there was an equally drastic 

change in the direction of increase, and it became statistically reliable. 
During the aftereffect period following exposure to accelerations, there 

was restoration of the phase of bradycardia, while poststimulation tachycardia 
disappeared. Consequently, with exposure to accelerations, there is a rather 
distinct opposite nature of change in excitatory and inhibitory influences 

of the mesencephalic reticular formation on cardiac function. Typically 
enough, there is enhancement of excitatory effects, i.e., effects in the 

same direction as the influence of accelerations, 
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The obtained data did not enable us to derive an analogous conclusion with 
respect to the respiratory system. We failed to demonstrate consistent 
changes in the effect of stimulation of the reticular formation, in the form 
of acceleration of respiratory excursions. During rotation, the rate 

thereof usually remained the same, but the majycitude fluctuated significantly 
in different animals. Evidently, we can refer to two circumstances to 
explain the causes of this phenomenon. 


Figure 4. 
, ) Effect of accelerations on change 
in heart rate induced by stimulation 
. of the rabbit's reticular formation 


| 


X-axis, time after start of stimulation of 
reticular formation (s); the boldface line 
refers to a 30-8 period of stimulation; 
rsae ToS 3 *s yraxis, heart rate, per min 


In the first place, it must be noted that accelerations induce very strong 
excitation of hte respiratory system. During rotation, the respiratory rate 
sometimes increases to 200% the base level. The effect of stimulation of 
the reticular formation is attenuated against such a background. However, 
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one never observes inversion of the respiratory reaction, and restoration of 
level thereof occurs immediately after the centrifuge is stopped, with 
normalization of the background. In the second place, one must take into 
consideration mechanicai difficulties in performing a respiratory excursion 
during exposure to transverse accelerations, which can apparently create 
certain restrictions for such a reaction as acceleration of respiratory 
excursions. 


Thus, electrical stimulation of the mesencephalic reticular formation 

during exposure to transverse accelerations of 6-10 G elicited changes in 

its influence on cardiac function and external respiration. This applied 

the most to inhibitory influences, the intensity of which was drastically 
reduced. We do not have sufficient grounds to relate these changes to func- 
tional impairment of the reticular formation. The electrographic findings 
(appearance of regular G-rhythm, depression of slow 4-oscillations) were indi- 
cative of an increase in its functional activity under the influence of 
accelerations. Moreover, there was substantial decrease, or even inversion 
of the inhibitory effects of stimulation, while the excitatory ones were 
mostly retained and could even become more marked. In the literature, the 
possibility of manifestation of inhibitory and excitatory influences on 
autonomic functions during electrical stimulation of mesodiencephalic struc- 
tures of the brain is attributed to involvement of different elements on the 
bulbar level and both branches of the autonomic nervous system [10, 11]. The 
peripheral effect demonstrated is interpreted as the result of complex inter- 
structural interaction, the nature of which is largely determined by 

incoming afferentation. In the light of these conceptions, the changes we 
demonstrated could be attributed to a change in reticular regulatory in- 
fluences due to a change in conditions under which the circulatory and res- 
piratory systems function as a result of elevation of hydrostatic blood 
pressure, difficulty of external respiratory function and other adverse 
effects of accelerations. As we know, with exposure to accelerations the 
involvement of adaptive and compensatory mechanisms leads to stimulation of 
the cardiovascular and respiratory systems [8, 9]. Under these conditions, 
apparently there is depression of opposite reactions that are not advantageous 
to the body. In this respect, inversion [distortion] of "Parin's discharge 
[unloading] reflex" is demonstrative: elevation of pressure in the pulmonary 
circulation under the influence of transverse accelerations leads to eleva- 
tion of arterial pressure and higher pulse rate [12], rather than an adequate 
response in the form of bradycardia and hypotension. 
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17 Jan 78) 


[English abstract from source] 





Anunal capersments demunstrated that damped oscillations of the support construction 
induced by umpact accelerations enhanced their damaging eficct on dogs Within the fre 
quency range tested — from 20 to 178 Hz — the threshold of lexions of the lungs, heart and 
lwer decreased and reached 344, at a frequency of 45 Hiz. The lewel of liwer lesions was 


imversely proportional to the frequency of the support oscillations. Lesions of ‘he lungs 
amd the heart were more expressed at 85 Hz and decreased with an increase or a decrease 
ol the owvllatvon frequency. Al a frequency of 190-—176 Hz the effect of the vibration com- 


ponent was Not scent 


[Text] In view of the constant improvement of flight performance of manned 
craft and complexity of fights, there is an increased need to refine methods 
for rescuing crew members and, in particular, methods of protecting them 
from the effects of impact accelerations that appear in the case of an emer- 
gency landing. 


Heretofore it was believed that the deleterious effect of impact accelerations 
is substantially related to its three parameters: maximum magnitude ("maximum 
acceleration"), time of exposure and rate of build-up. 


This does not take into consideration the fact that accelerations to which 
a pilot is exposed are often oscillatory in nature. The oscillations are 
attributable mainly to damped vibrations of the pilot's seat, which is 
excited under the influence of the impact. In practice, it is very difficult 
to attenuate vibration, for example, by increasing the rigidity of the seat. 
At the same time, there have been virtually no studies of the effect of the 
vibration component of impact accelerations on endurance of the latter. 


In a study conducted on rats, it was demonstrated that vibration of support 
structures could significantly enhance the effect of impact accelerations 
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[1]. When animais placed onaresilient base landed at the rate of 6 a/s, 
they died as a result of extensive damage to their viscera. When they were 
placed on a rigid support, no injuries occurred, even at a landing rate of 
14 m/s. 


Still unknown is the extent to which the deleterious effect of the vibration 
component of impact accelerations is manifested in animals that are larger 
than rats (in particular, dogs) and how it depends on the parameters of this 
component of impact accelerations, as well as the qualitative distinctions 
thereof. We conducted experiments on dogs in order to answer these questions 
with regard to the effects of impact accelerations in a transverse direction, 
in relation to the body, with which injuries to the viscera determine 
endurance. 


Methods 


We used young dogs of different breeds and both sexes weighing 5~8 kg. Impact 
accelerations were generated on a special stand by stopping a large falling 
platform with deformable lead cylinders (crushers). The rate of drop of the 
platform when stopping thereof began was constant and constituted 12.5 m/s. 
The required level of accelerations was obtained by selecting a crusher of 

a specific size. 


Damped oscillations of the seat were simulated by means of resilient supports 
excited by impact accelerations. These resilient supports consisted of 
removable steel plates securely attached at both ends to large braces in- 
stalled on the stand platform. The required oscillation frequency was pro- 
duced by proper selection of plate thickness. 


The animals were put on the plate on their belly. The body was so placed 
as to have maximum amplitude of vibration in the region of the center of 
gravity, and it diminished in the direction of the head and pelvis. The 
head was put on the brace, and it was not exposed to the direct effect of 
vibration. The head was partly protected against impact accelerations by 

a shock-absorbing liner. A special system of tapes provided for relatively 
uniform contact of the animal's body with the plate. 


At the moment of landing, we recorded the displacement of the center of 
the plate in relation to the platform, accelerations to the plate (impact~- 
vibration accelerations) and to the platform (impact accelerations). 


In all, we conducted 70 experiments, in 49 of which the animals were put on 
a resilient support, which oscillated at frequencies of 20 to 176 Hz, and 
exposed to accelerations of 165 to 237 units, with a damping index of 0.09 
to 0.24. Im 21 control experiments, the animals were on a rigid support, 
directly on the platform of the stand. 


The damping coefficient was calculated using the following formula: 
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where T, and Tg are the periods of natural and damped oscillations, res- 
pectively (y,/yy + 1) is the arithmetic mean of relations of adjacent 
amplitudes o damped Sbcillations {2}. 


In all of the experiments, impact accelerations on the platform vere of the 
same type and characterized by uniform build-up to a maximum level (90- 
240 units) followed by a sharp drop. Accelerations lasted 0.014-0.025 s. 


Damage to the viscera was detected mainly macroscopically at autopsy of the 
animals immediately after sacrificing them by means of exposure to a mixture 
of ether and chloroform fumes immediately after exposure to accelerations. 


The severity of lesions was assessed in arbitrary units according to a 
specially prepared scale for the most traumatized organs, the liver, iungs 
and heart. The gradation took into consideration the size and number of 
lesions (effusions of blood, ruptures). 


The digital data were submitted to statistical processing according to 
Fisher-Student, while the U criterion was used to determine the reliability 
of differences in severity of damage to viscera of animals in different 
groups. 


Results and Discussion 


In the first series of experiments, determination was made of the deleterious 
effect of accelerations as related to frequency of support oscillations 

stimulated by the impact. Impact accelerations on the platform remained 
constant, constituting a maximum (n,,, _)_) of 1638 units and lasting (t,) 
0.015-0.017 s, with the animals on a rigid support (control experiments), 
and they induced only minimal visceral damage: isolated petechial hemor- 
thages and small focal (up to 1.5*1.5 cm in size) hemorrhages in the lungs. 


pi.) 


Figure 1 shows that impact-vibration accelerations of 23-110 Hz were associ- 
ated with more marked damage to internal organs than impact accelerations 

in the control experiments. With oscillations of 131 and 176 Hz, the extent 
of damage was virtually the same as in the control. 


The mean rating of damage to the liver at frequencies of 23 to 85 Hz, 

to the lungs and heart at 85 Hz was different, with statisticaly reliability, 
that in the control and in experiments with support oscillation frequency of 
176 Hz (P<0.01). 


There was no appreciable difference in lesions to the liver at frequencies 
of 23, 46, 85 and 110 Hz, and they usually consisted of isolated, focal, 
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subcapsular hemorrhages (1*i cm in size) and ruptures of the parenchyma with 
the capsule (up to 4) up to 1.5 cm in length (grade II). In some cases, 
there were multiple ruptures (2-3 per lobe) over 1.5 cm in length (grade III). 


Figure 1. 
Severity of lesion to the lungs (1), 
heart (2) and liver (3) of dogs as 
a function of frequency of vibration 
(f) of the support with constant 


X accelerations on the platform (control 
=< data are given for f = 0). 
Here and in Figure 2: x-axis, vibration 


— mM ee «frequency (Hz); y-axis, severity of 
lesion (arbitrary units) 
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Damage to the lungs and heart was the most severe with vibrations of 85 Hz; 

it was manifested in the lungs in the form of confluent focal effusions of 
blood up to 4 cm in diamter each, occupying less than one-third the surface 
of the lungs (grade III) and occasionally more (grade IV); in the heart, 

it was manifested in theform of isolated (up to 5), petechial subepicardial 
hemorrhages, mainly in the right atrium (grade I1) and occasionally small 
hematomas (up to 5 am) extending over the entire thickness of the atrial wall. 


In the second series of experiments we studied the level of impact accelera- 
tions on the platform, at which a minimal deleterious effect appears in dogs 
placed on a resilient support, and determined the correlation between 

levels of impact and impact-vibration accelerations. 


Appearance of minimal traumatic lesions in dogs as related to 


accelerations on platform, resilient support and frequency of 
vibration of the latter 


Statistical | TT 


index control 6, 85 
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With support vibrations of 46, 85 and 110 Hz, minimal damage appeared with 
accelerations on the platform an average of 23.8% lower than without vibra- 
tion of the support (P<0.01) (see Table). At a frequency of 85 Hz (4 experi- 
ments), this (ifference increases to 34% (P<0.01). However, the maximum 
acceleration on a resilient support was higher than on the platform, appro- 
ximating, on the average, the accelerations in control experiments. 
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Consequently, in the indicated range of frequencies, vibration of the support 
worsened considerably the landing conditions for animals, and relative 
increase in maxinum acceleration on the resilient support was a contributory 
factor. 


In order to determine the correlation between the deleterious effect and 
vibration frequency, with a constant level of impact-vibration acceleration, 
we conducted a third series of experiments. In these experiments, maximum 
level of impact-vibration accelerations was held at 225 units, with no more 
than 7% deviation. With increase in frequency of cscillation of the support 
the intensity of damping thereof diminished, as indicated by a decline of 
the damping coefficient (from 0.24 to 0.09). 


Damage to the liver was the most consistently appearing and life-endangering 
finding. A comparison of severity thereof revealed that it is inversely 
related to frequency of vibration of the support (Figure 2). With extreme 
frequencies in the tested range (20 and 130 Hz), the damage was marked and 
statistically reliable (P<0.05). 


Figure 2. 
Severity of liver damage in dogs as 
a function of vibration frequency, 
with constant maximum acceleration 
level on support. The dots refer to 
mean values in groups; vertical 
segments indicate mean errors and 
Qs} n refers to number of cases. 


25 
20 











With vibrations at a frequency of 130 Hz, the extent of damage to the liver 
was close to the control level (somewhat less than the latter), which is 
indicative of the lack of influence thereof at this frequency. The difference 
between mean values for degree of damage at a frequency of 130 Hz and in the 
control tests of this series is attributable to the fact that, for technical 
reasons, accelerations were somewhat higher, 233°9 units, in the latter case. 


As a rule, the lesions appearing in the presence of vibrations did not differ 
from those in experiments without vibration, with respect to localization and 
nature, There was an exception: isolated (up to 5) petechiai hemorrhages 

in the mitral valve cusps, which app eared in an average of 27% of the cases 
with exposure to vibration only. 


From the practical point of view, significant intensification of the dele- 
terious effect of impact-vibration accelerations on the liver and decrease 
in frequency of their vibration component are the most important factor. 
This tendency, in the tested range of frequencies, apparently extends to man 
also. One could have expected appreciable differences mainly with regard 


75 











to the mechanisms of appearance of lesions as a result of resonance of organs 
in the thoracoabdominal system [3]. We do not have data concerning the 
resonance frequency of this system of canine organs. However, on the basis 
of the correlations of body mass and the fact that, in man, resonance appears 
at 4-7 Hz [3, 4] and in rats, at 18-25 Hz [3], it can be considered that we 
tested frequencies significantly above resonance levels, and the phenomenon 
in question was absent. This is also confirmed by the lack of appreciable 
differences in nature and localization of lesions with exposure to accelera- 
tions with and without a vibration component. At the same time, the mechanisms 
of enhancement of the deleterious effect of impact-vibration accelerations on 
the organism require further investigation. In particular, the causes of 
increase in damage to the lungs and heart at 85 Hz frequency of vibration o. 
the support are not clear. 
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Th rer ithe ef ton the nvstagmme rea n and illusory «nsations upon calorn 

md gate ann m bons of Tix borinths was studied on six test subjects (prolesssonal 
gymnasts) Lndes wmmal conditions the sportsmen predominantly showed the nystagmuc 
rosputtsc bo f rrit n of the left labyrinth. A 10-day hypokinet sposure pro 
duced a noticeab wore as i the above esyime (fix rvst ngimic re action 1 the calere wri 
tian oof bot shvrrnths Senul!ltaneousls an enhancement of illusory sensatrons and a dec 

rca olds ul sponse »> the direct current labvrinthone <«trmulatoion were 
wied The abo hanges can be attributed to the Py pokimesia induced decline of mocha 


[Text] Long-term restriction of mobility induces impairment of activity of 
different functional systems. The vestibular function also undergoes certain 
changes, manifested by poorer endurance of angular and linear accelerations 
[1-4]. Animals lose the capacity for grads! reduction of the nystagmic 
reaction of the eyes to periodically recurring angular accelerations, i.e., 
for habituation, a process upon which vestibular conditioning is based [5]. 


These studies were conducted in order to investigate the influence of 
limiting motor activity on the functional state of the vestibular system of 
individuals with a high degree of vestibular stability. 


Methods 


The studies were conducted on 14 male volunteers ranging in age from 18 to 
23 years. Six of them had engaged in athletic gymnastics for 4-8 years and 
had athletic ratings ranging from first class to Master of Sport. To 
restrict their activity, the subjects were put on strict bed rest (clino- 
static hypokinesia). They had to maintain exclusively a horizontal posi- 
tion, with the head somewhat elevated on a pillow; they were not allowed 

to make abrupt movements, particularly with the lower extremities. The 
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other eight subjects did not have any special athletic training, and they 
constituted the control group. They were not submitted to hypokinesia. 


the caloric and galvanic methods of stimulating the labyrinths were used 

to stimulate the vestibular system. The studies were conducted In the dark, 
with the subjects’ supine and their eyes closed, Caloric stimulation was 
detivered using a previously described device [6]. The heed of the subject 
was on a special head rest, «wich raised to 30° forward so that the hori- 
zontal semicircular canals would be in horizontal position, which is the 
best for caloric stimulation (Fiewre 1). The acoustic meatus was irri- 
gated with water (120 mi, 30°C temperature) for 18 s. A special instrument 
was used for direct current stimulation of the labyrinths, which made it 
possible to stimulate the labyrinths with evenly building up direct current, 
precluding the unpleasant extralabyrinthine sensations related to abruptly 
increasing current. Current was delivered to the labyrinths by means of 
flat, chlorine-treated silver electrodes 10 mf [sic] in diameter, which 
were applied with a steel spring clamp to the temples, in front of the 
tragus. 


. 


> 
J 
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Figure 1. Caloric stimulation of the labyrinth. A helmet is put on 
the subjec.'s head, to which tubes are attached by means 
of special devices, to deliver water into the meatus. 
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An electronystagmogram (ENS) was recorded from the external margins of the 
orbits on an &-channel encephalograph. Appearance of illusional perceptions 
was also recorded; for this purpose, brief subjects depressed a special 
button upon appearance of specific sensations (turning, bending, rotating, 
etc.). After completing the tracing, the subjects were questioned verbally 
about the nature of these sensations. The ENG indicated the total number 

of nystagmic beats and duration of the reaction. In the galvanic tests, 
determination was made of threshold level of current required to induce 
illusory perceptions in response to binaural and bipolar galvanization of 
both labyrinths (cathode on the right side and anode on the left). The 
studies were made 1 dav before hypokinesia (background data) and on the 10th 
day of bed rest. 


Results and Discussion 


Caloric tests: The nystagmic reaction of the eyes fluctuated over a wide 
range in gymnasts, with regard to total number of nystagmic oscillations 

and duration of the reaction. Minimum and maximum number of nystagmic 
responses ranged from 65 to 229, and duration of the reaction, from 60 to 

152 s. There were even greater differences in response to the right and 

left caloric test in the same subjects. Thus, nystagmus in response to 
calorization of the right labyrinth of 1 subject lasted 60 s (65 nystagmic 
beats) and 156 s in response to calorization of the left labyrinth (319 beats). 
All subjects presented dominance of a reaction on the left: total number of 
nystagmic beats constituted a mean of 205.8127.4 and duration of the reaction, 
123210.1 s. On the right, the figures were 124.5119.1 and 93.27.0 s, res- 
pectively Figure 2). This asymmetry was statistically reliable for both 
parameters of nystagmus (P<0.05). 


A 
00, Figure 2. 
| al In Graphic illustration of tctal number 
xo } an : of nystagmic beats (A) and duration 
| | AA of nystagmus (B) in the control group 
; | b | TL of subjects (1), in athletes prior to 


hypokinesia (2) and on the 10th day 
of hypokinesa (3) 
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In the control group of subjects, the nystagmic response to the caloric 

tests on the labyrinths was characterized by the following parameters: 

total nystagmic beats constituted 253.5°27.7 and reaction time was 165.37218.4 s 
in the caloric test on the right labyrinth, the figures were 257.3233.2 and 
174.0222.8 s, respectively, for the left labyrinth (see Figure 2). 





Caloric stimulation of the lapyrinths was associated with appearance of 
illusory movements of diverse nature, in addition to the nystagmic reaction. 
In gymnasts, this was usually mild and consisted of a sensation of mild 
vertigo of an indefinite nature (1 subject), negligible turns of the body 

in the horizontal plane (1 subject) or about the longitudinal axis of the 
body by 45-70° (2 subjects). There were no illusory sensations in response 
to caloric stimulation of the labyrinths in two subjects. The illusions 
appeared witn a longer latency period in response to the caloric test on 

the left labyrinth than on the right (a mean of 22.024.8 versus 18.5%2.5 s). 
They also lasted longer in response to heating on the left (a mean of 14.824.0 
versus 12.0%3.1 s on the right). In the control group, all subjects ex- 
perienced distinct illusional sensations to heating of both labyrinths; in 

4 subjects, the seeming movements were in a horizontal plane and in 3, about 
the longitudinal axis of the body. One subject had more complex illusions: 
first the sensation of turning about the longitudinal axis of the body, to 
which was subsequently added the sensation of rotating in a horizontal plane. 
Illusions appeared with a latency period of 28.123.4 s and lasted 50.0t11.3 s 
in response to the caloric test on the right labyrinth, the figures for 

the left labyrinth being 26.9*3.1 s and 54.328.8 s, respectively (Figure 3). 
In most cases, the seeming rotation in the horizontal plane was rated rather 
intensive, in the form of 2-4 complete turns about the dorsoventral axis of 
the body, traversing the region of the pelvis, chest or neck. 


Figure 3. 
Graphic illustration of duration of 
illusions in control group (1), 
athletes beforehypokinesia (2) and 
on 10th day of hypokinesia (3) 














The nystagmic reaction underwent the following changes on the 10th day of 
hypokinesia: there was an increase in total nuuber of nystagmic beats in 
response to heating the right labyrinth of 3 subjects, as compared to the 
base values, and it decreased negligibly in the others. The decrease in 
the reaction was more significant than increase thereof in response to 
heating the left labyrinth (mean total number of nystagmic beats consti- 
tuted 144,2+28.0 on the right and 180.2+31.6 on the left). There was an 
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analogous change in duration of nystagmus (95.6211.5 s on the right and 
104.5212.6 s on the left). This circumstance, namely attenuation of the 
reaction on the left and enhancement on the right, led to attenuation of 
asymmetry of nystagmus, and dominance of the reaction on the left was 
unreliable (P>0.05) (see Figure 2). 


Bed rest for 10 days led to significant changes in illusory sensations, 
manifested primarily by the fact that illusions appeared in 2 subjects who 
did not experience them prior to hypokinesia. The other four subjects 
reperted considerable intensification of illusions. In response to the 
calocic test on the right labyrinth, illusions appeared with a mean latency 
period of 31.3°3.6 s, and they lasted 19.524.0 s; the figures were 32.324.2 
and 18.5*3.3 s, respectively, for the left labyrinth (see Figure 3). 


Galvanic tests: The threshold levels of direct current required to 
induce illusions were extremely high for gymnasts (5-7 mA). They consisted 

of a sensation of movements in the form of turning, bending, rotating in 

the horizontal plane or about the longitudinal axis of the body. On the 10th 
day of bed rest, they presented a distinct lowering of thresholds of 
appearance of illusions in response to galvanic stimulation of the labyrinths. 
They appeared with a current of 3-4 mA. In the control group of subjects, 
illusional sensations in response to binaural, bipolar stimulation of the 
labyrinths appeared with a current of 1.2720.18 mA. 


Thus, these stuides revealed that in athletes, unlike subjects without 
athletic training, nystagmus is characterized by distinct asymmetry in 
response to stimulation of the two labyrinths with the same caloric tests, 
while illusory sensations were either absent or mild. Such prevalence of 
vestibular reactions to stimulation of one labyrinth over the reactions to 
stimulation of the other were demonstrated in pilots, figure skaters and 
classical ballet dancers, i.e., individuals for whom intensive vestibular 
stimulation is a significant element of their routine occupational activity 
[7-8]. The thresholds of appearance of illusions in response to electric 
stimulation of the labyrinths with direct current were considerably higher 
in athletes than in individuals of the control group. Evidently, these 
distinctions of vestibular reactions of gymnasts should be interpreted as a 
manifestation of habituation, which developed as a result of training. 


There is some information in the literature concerning variability of 
caloric nystagmus and thresholds of appearance of illusions in response to 
galvanic stimulation of the labyrinths, which was obtained on untrained 
hyplinetic subjects. Unfortunately, it is difficult to analyze these data, 
since they do not include a description of test conditions or digital 
material, and in a number of cass the obtained figures are diametrically 
opposed [1, 2, 4]. 


As a result of 10-day hypokinesia, there were substantial changes in vesti- 
bular function: attenuation of dominance of one labyrinth, appearance or 

intensification of illusory sensations and decrease in thresholds of their 
appearance. These changes should apparently be attributed to the fact that 
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hypckinesia, which is a rather strong deconditioning factor for ditferent 
functional systems of the body, leads to weakening of mechanisaus of 
vestibular habituation. 
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On the dogs with a Thiry Paviow fistula (an isolated loop of the small intestine) the 


Hect of W-min acccleration on the absorption of thiamine-bromide. riboflavine, pyridoxin 
ydroctiunde and awerhbic acid as well as on the gastrn juice secretion was studied It 

» dememstrated that back-to-forth linear acceleration increased vitamin B, absorption, 
decrosscd vitamuns B. and By and ascorbic acod absorption. and altered secretion of 
g asti jum 


[Text] There are data in the literature indicating that the digestive 
system is quite sensitive to accelerations [1, 2], and that there is 
relatively slow restoration of its initial state. There are isolated reports 
on the effects of gravitational accelerations and rocking on resorptive 
processes in the intestine [3, 4], and it was demonstrated that there is a 
change in absorptive function of the intestine also. 


In particular, specific distinctions were noted in metabclism of vitamins 
under the influence of vestibular stimuli [5-7]. Several works report an 
increase in vitamin requirements (particularly B,;, Bo, 4¢, C and PP) in 
individuals who are regularly engaged in flying and sailing [8, 9]. For 
this reason, providing the body with vitamins during the period of a 
vestibular load is an important factor of increasing resistance to accelera- 


tions. 
The gastrointestinal tract is the main route of vitamin intake. 


On the basis of the foregoing, it is very interesting to determine the effect 
of accelerations on absorption of vitamins in the gastrointestinal tract, 
and this article deals with a study thereot. 
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Me*bods 


(hrcatc experiments on 4 dogs with 6 20-cm segment of small intestine iso- 
lated according to Thiry-Pavlow were conducted to study absorption in the 
intestine of thiamin bromide, riboilavin, pyridixone hydrochloride and 
ascertic acid in 3) gin under normal conditions, with exposure to direction 
[sign] changing reccilinear acceierations for 30 gin and 1 h after such 
exposure. 


The tested vitamins were injected in toe fistula (once a day) in the following 
amounts: 3 mg (200 ug/ml) thiamin bremide, 2 mg (125 yg/el) riboflavin, 4 ms 
(250 ug/m) pyridoxine hydrochloride anc 60 mg (4 mg/ml) ascorbic acid. 


We determined the degree «: vitamin absorption from the difference between 
amount introduced in the intestine and eliminated from it. The vitamin B, 
level was assayed by the method of Wang and Harris [10], with prior precipi- 
tation of proteins with 20% trichloroacetic acid. Vitamin Bz was determioed 
by the method of Ye. M. Masleanikova and L. G. Gvozdova [ll]; the colori- 
metric method was used for vitamin Be, and ascorbic acid content was 

assayed according to S$. M. Prokoshev [12]. 


In addition to studying absorption, we determined the influence of the 
tested vitamins on the secretory system of the intestine. For this purpose, 
we determined the amount of intestinal juice in fluid eliminated from che 
intestine (after 30-min presence of vitamin solution), on the basis of 
alkalinity, and we compared the obtained data to the alkalinity of 
spontaneously secreted gastric juice. 


We used the four-bar swing of K. L. Khilov (rod length 3.5 m and swinging 
rate 16-18/min) to rock the experime:tal animals. They were rocked for 
% min. 


In all, 240 tests and 490 readings were made in chronic experiments. The 
experimental results were submitted to statistical processing. 


Results and Discussicun 


Absorption of thiamin bromide: Our studies revealed that a mean of 
1093*85.5 ug thiamin bromide was absorbed under normal conditions within 

30 win in the small intestinal fistula in the dog named Mukhtar; this consti- 
tuted 36.4% of the injected amount of vitamin; the figures for the dog Malysh 
were 884°89.7 wg (29.42). 


Rocking the animals for 30 min increased absorption oi vitamin B; to 53.6% 
in Mukhtar and 51.4% in Malysh, which was 47 and 74, respectively, above 
normal, 


There was some decrease in absorption of thiamin bromide 1 h after swinging, 
but it was 20.32% above normal in Mukhtar and 62% above normal in Malysh. 








Absorpticn of riboflavin: Under normal conditions, 4 mean of 
569°49.8 ug riboflavin was absorbed in 30 ain in the intestinal loop of 
the dog Belka, which constituted 26.42 of the given dose of riboflavin; 
416277.7 ug (20.82%) vitamin B2 was absorbed in the intestine of the dog 
Strelka. 


During exposure to accelerations, there was no change in absorption of ribo- 
flavin, but 1 h after discontinuing swinging it diminished appreciably, 
constituting 373°26.6 ug in Belka and 396°65.5 ug in Strelka. 


Absorption of pyridoxine hydrochloride: A mean of 70.02% of the 
given amount of pyridoxine hydrochloride was absorbed in the intestine of 
Mukhtar and 70.9%, in Malysh. 


During swinging, we observed some (unreliable) decrease in absorption o: 
Bs in Malysh (to 60.5%), with no change in this index in Mukhtér. 


Absorption of vitamin B in Mukhtar also remained unchanged 1 h after dis- 
continuing exposure; in Malysh pyridoxine absorption decreased even more, 
constituting 54.8% of the given dose. 


Absorption of ascorbic acid: Under norm. condition, there was 
absorption of 50.8% of given amount of ascorbic acid in the fistula in 
Mukhtar, 64.22% in Malysh and 76.42 in strelka. 


We observed depression of ascorbic acid absorption during exposure to 
accelerations in only one dog out of three. 


One hour after discontinuing exposure, there was even more cecrease in 
absorption of ascorbic acid by Malysh, and it was 24.2% below normal; the 
other dogs also presented some decrease in absorption of vitamin C. 


Secretory function of the small intestine during absorption of 
vitamins: When administered into an intestinal fistula, the tested 
vitamins stimulated secretion of gastric juice. 


Administration of 3000 ug vitamin B; induced 375% increase in juice secre- 
tion in Mukhtar and 290% increase in Malysh. Significant intensification 
of secretion of gastric juice was observed in all of the dogs during 
absorption of riboflavin, pyridoxine hydrochloride and ascorbic acid (see 
Tabie). 


With concurrent administration of vitamin B, and swinging, we observed 
changes in different directions in gastric juice secretion. Thus, while 
7.10.99 mi juice was secreted under these conditions, or 86% more than 
with absorption of vitamin alone, in Mukhtar, there was no change in 
secretion of juice in Malysh. Examination of juice secretion 1 h after 
swinting revealed that it reverted to normal with absorption of vitamin B,. 
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Secretory reaction cf the intestine to administratior of vitamins 
(B,, B2, Bg and C) under normal conditions and during swinging (Mtn) 












*8 with 


Periodic | oo juice secretion 
« | absorption of vitamins 




















— secretion of * 
J juaee ia | with 30-min lh after 
dog 30 min, mg : normal swinging swinging 
Vitamin 8, 
Mukhtar | 084028 | 382028 | TIS0m 4240.33 
| Pr<6.06.) (P,<0.01) — 
Malysh t=O. — 4.440% 4540.52 
| <b) | 0s Pyrite) 
Vitamin 2, 
Belka | 2520.19 | $6038 | 34061 | 3 $94025 
PO) | SO =| (Pa!) 
Strelka 24300 8=6 | ase =| Teese 
| ,<0.001) v2 | ®>02 
Vitamin 4, 
Mukhtar | Of=>9.1S | 622049 | SAeOS | 54402 
(P< 0,1) (P,>0.5) — >o.1) 
Malysh 1o+o0 $.0+6 20 | — | 66404! 
(P,<6,001) PO | PyKO.05) 
Vitamin C 
Mukht ar 10+9.15 9441.3 824057 | 99404) 
Malysh 18+0.18 S207 | soe. 35 | —— 
— 1 $207 bee: | 
Poem | PSS (Py<0.01) 
Strelka 5.04.21 442055 | 8820.42 12340 
(P,<0.1) (P,>0.5) (P< 0,001) 











Kev: 

P;) significance of differences between mean amounts of periodically 
secreted gastric juice and juice secreted with absorption of 
vitamins 

P2) significance of differences between mean amounts of secreted 
juice with absorption of vitamins under normal conditions and 


during swinging 


There was no change in secretion of gastric juice durin” winging against 
the background of administration of riboflavin. Howeve: some decrease 
in secreted juice was observed lh after swinging: by 112 in Belka and Strelka. 


No reliable changes in secretion of gastric juice were demonstrated during 
swinging and concurrent administration of vitamin Bs. But after 1 h, 
there was a 13% decrease in juice secretion in Mukhtar and 20% increase in 


Malysh. 


Intensification of juice secretion was observed 1 h after swinging against 
the background of vitamin C. It was 5% above normal in Mukhtar, 66.7% 
above normal in Malysh and 46.12% above normal in Strelka (see Table). 
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The obtained data indicate that exposure of the body to rectilinear accclera- 
tlons in dliferent directions [of different signs] alters vitamin absorpt lon 
in the canine intestine. It should be noted that the effect of swinging 

is mot necessarily manifested curing its action, and it is the most marked 
after 60 sin. 


The fluctuations of parameters of absorption and secretion observed during 
swinging, in the presence of the same substance in the dog's intestine, 
could be attributed to differences in dogs’ sensitivity to motion sickness. 
in spite of this, we can cemonstrate a tendency toward change in vitanin 
ahsorption under theintluence of swinging: increase in thiamin absorption 
and, on the contrary, decrease in absorption of riboflavin, pyridoxine 
hydrochloride and ascorbic acid. 


The increase in absorption of some vitamins and decrease in others under the 
infilvence of swinging could be attributed to different routes of transport 
thereof. Some of them are activated and others are depressed [13-16]. 


introduction of vitamins in the intestine induces significant increase in 
secretion of gastric juice, as a result of their stisulating effect on the 
intestinal gucoxa. Swinging impairs secretion when vitamins are present 
in the intestine, and this could have an adverse effect on resorpt ve 
processes. 


Thus, it may be assumed that impairment of resorptive processes in the 
intestine is one of the causes of vitamin imbalance in the body, which is 
observed after exposure to accelerations [5, 8, 9]. 
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[Text] Considerable material bas been accumulated to date concerning the 
special pathogenetic significance of condition of lymphoid tissue in forma- 
tion of the general signs of darage to the body from exposure to low doses 
of external y-radiation [1-3]. 


Our objective here was to evaluat’ the submicroscopic state of cellular 

clements of canine lymph nodes over a period of 6 years of constant exposure 
y~radiation in doses close to the radiation background under space 

flight conditions [4]. This is a part of a large set of studies dealing 

with evaluation of the effects on animals of chronic exposure to low doses 

f y-radiation [5, 6]. 


we tudied the tisswe of cervical lymph nodes of dogs. Ten dogs were sub- 


mitted ¢ hronic “"Co y-radiation for 6 years. The annua! exposure dose 
cometituted rad. Against the background of chronic irradiation (dose 
rate »..5 rad/year), 8 animals were exposed once &@ year to on additional 
radiation load of 59# rad in 20 bh (3 “bursts”: 424868 rad). Concurrently 


with experimental animals, we sacrificed | control dog after 2, 3, 4, 5 and 


% wears. 
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Sections of pulp, mainly from the paracortical regions of the lymph nodes, 
were taken for electron microscopy. The material was fixed in buffered 
glutaraldehyde and 2% osmium according to Millonig. The preparations were 
imbedded in epon. Uitrafine sections were prepared on an LKB ultratome. 
They were contrasted according to Reynolds. Photographs were taken using 
a “£MV-100K electron microscope and the Japanese Jem-100B microscope. 


Results and Discussion 


At tte early stages of the experiment (2-3 years), ' <r: were negligible 
deviations from normal of moct lymphocytic parame*°-s, with regard te ultra- 
Structural organization of the nucleus and cytoplasm: appearance of nuclear 
invaginates, cleariag of some pars of the cytoplasm, increased number of 
free ribosozes and elements of the endoplasmic system (EPS), as well as a 
marked reduction of “excrescences" of the cytoplasmic membrane. Such ultra- 
structural changes in lymphocytes were noted by a number of authors in the 

case of other types of radiation, and they were characterized as the primary 
reaction to radiation {7-9]. Signs of lymphocyte destruction were demonstrated 
only with the use of additional radiation loads, and they were probably due 

to the rhythm of radiation used, since the intervals between "bursts" were 


not long enough for total repair of structures. 


There was an increase in number of plasma cells after 2 and, particularly, 

3 years of chronic exposure to y-radiation. Occasionally, there were entire 
clones of plasma cells which, according to development of the endoplasmic 
reticulum, were at different stages of maturation [10]. There was appreci- 
able intensification of vacuolization processes in the cytoplasm. As a 
rule, the mitochondria did not undergo structural changes. The canaliculi 
of the rough endoplasmic reticulum were dilated in most plasma cells, and 
they were filled with well-visualized fine-grain substance; marked dilatation 
of EPS cisternae adjacent to the perinuclear zones was a typical finding 

in irradiated plasmocytes. The wide diversity of ultrastructural forms of 
plasmocytes was not only related to functional differences in the secretion 
process, but probably reflected postradiation changes in the form of faster 
differentiation of this c'ass of cells. Appearence of many young, actively 
secreting forms of plasma wells coincides with the immunomorphological data, 
which indicate that there is an increase in number of cells synthesizing 
specific antibodies [2]. 


There was an increase in number of reticular cells in lymph nodes after 3 
years of chronic irradiation. There was a tendency toward decrease in number 
of membrane components of the endoplasmic reticulum structures, with appear- 
ance of bleb-like forms and increase in number of free ribosomes and poly- 
somes. In the case of irradiation with additional radiation loads, signs of 
increased phagocytic activity (formation of numerous bulges in cell membranes, 
increase in number of lysosomes and pinocytotic vacuoles in the cytoplasmic 
processes) were observed in the reticular cells. After 4 years of continuous 
y-irradiation, there was prevalence of poorly differentiated forms of the 
blast type, reticular and plasma cells, as a result of decrease in number 

of "mature" lymphocytes in the lymph nodes. 











Sections of dog's lymph node after 4 years of chronic y-irradiation 


‘) lymphoblast, 9000* 6) segment of cytoplasm of a reticular 
) segment of lymphoblast cell, 15,000x 


cytoplasm, 10,000» 


[he blast torms were characterized by a clear large nucleus and delicate 
chromatin structure (see Figure, 4). The nucleoli in young lymphocytes 

(t lasts) were hypertrophied more often than under normal conditions. The 
cytopiasm of such cells was more abundantly and extensively supplied with 
organelles due to an increase in number of polymorphic mitochondria, as 
well as free ribosomes and polyribosomes which determine their pyronino- 
philia (see Figure, ©). At this stage of the experiment, the plasma cells 
were, as before, extremely heterogeneous in structure. Against the back- 
ground of a large number of free ribosomes and polysomes, small cisterns ot 
granular EPS resembling that of plasma cells were formed in the cytoplasm 

of reticular cells (see Figure, «). Assessing this change as one of the 
compensatory and adaptive reactions, it may be assumed that long-term expo- 
sure of dogs to low doses of chronic radiation could lead to stimulation 

of blast transformation of lymphocytes and appearance of more resistant cel! 
iorms, with relatively high repair capacity [7]. This fact is quite 
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consistent with and supplements, to some extent, the results of immuno- 
morphological studies conducted on the same dogs, which indicated intensifi- 
cation of phytohemagg)utinin-blast transformation of peripheral blood 
lymphocytes [1]. 


Along with the known cellular elements cf lymph nodes, atypical cells were 
demonstrated .fter 4-5 years of chronic Y-irradiation, and they were appa- 
rently transitory forms. Unfortunately, no clearcut differences have yet 

been demonstrated on the subuicroscopical level between lymphoblasts, plasmo- 
blasts and primitive reticular cells [7, 10, 11]. We can only assume that 
plasma cells were formed during chronic irradiation not only as a result of 
development from plasmoblasts, but apparently transformation of lymphocytes. 
Appearance of a large number of pyroninophilic celis [2], which a number 

of authers consider to be the first stage of lymphocyte differentiation 

in the direction of the plasma series [10-12], is in favor of this hypothesis. 


Marked depletion of reticular storma with regard to lymphoid elements, relative 
increase in reticular cells and appearance of numerous regions of collagen 
fibrils constituted the main distinction of ultrastructural organization of 
lymph nodes of dogs exposed to chronic Y-radiation for over 5 vears. 


The method of electron microscopy we used was found to be informative enough 
for the study of lymph nodes, since it enabled us not only to to demonstrate 
the cellular composition of the selected segments, but differentiate more 
accurately between different types of cells, degree of their maturity and 
submicroscopic change in the course of long-term chronic irradiation. The 
obtained data revealed that processes of submicroscopic reorganization and 
adaptation of lymphoid tissue may be considerably extended in time during 
long-term continuous, chronic exposure to Y-radiation. This circumstance 
enabled us to track the ultrastructural reaction in different types of cells 
of the lymph nodes studied. Analysis of submicroscopic changes in cells of 
different types revealed a rather complex mechanism of action of chronic 
radiation at a low dose level, since the constant succession of cell genera- 
tions in the course of 6-year irradiation made it impossible for a cell 

(or pool) to accrete specified cumulative doses of chronic radiation. 
Atrophy of the cortex of lymph nodes did not occur as a result of mass- 
scale death of lymphocytes (which was usually observed with delivery of 
larger doses of radiation); rather, it was probably the result of constant 
inhibition of formation of new lymphocytes, impaired maturation and differ- 
entiation thereof. In favor of this assumption is also the appearance of 
ultrastructural changes in younger cells (blasts), as well as the increase 
in plasma cells and “plasmatized" lymphocytes. 


Thus, the mechanism of radiation effect of chronic y-irradiation in low 

doses apparently consistent of a stimulating influence on processes of 

faster aging, which were characterized by gradual aplasia of lymphoid tissue, 
faster differentiation of plasma cells and collagenization of reticular 
stroma. 
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__ The paper describes certain casis of using mathematical methods in the planning ot 
biological experiments. The paper presents an algorithm of the distribution of the experi- 
mental data based on dynamic program. ing. The paper discusses an application of compu- 
ler-aided calculations for the jormation of nomogeneous groups of experimental and contro! 


tests 


[Text] The development of biomedical research in spacecraft and specialized 
biological satellites has led, in a number of cases, to problems of a 
scientific organizational nature, and it is desirable to use the appropriate 
mathematical procedures to find adequate solutions. Some of the questions 
arising in this regard are discussed here. 


One of the most important stages of research aboard specialized biosatellites 
is the postflight examination of animals. The latter is a complex and 
complicated scientific procedure that includes a large number of experiments. 
It must be borne in mind that at least several animals must be used in each 
of the experiments to assure statistical reliability. Considering that 

there is a possibility of a reduction in planned number of experimental 
animals for different reasons, it must be conceded that there is a real 
probability of a situation, in which there will be a disproportion between 
the available amount of experimental material and requirements of research 
programs of postflight studies. For this reason, it is deemed expedient to 
use an algorithm of distribution of experimental material, which takes into 
consideration the relative priority of some experiments, the need for a 
given number of animals and other factors. We shall describe below a model 
algorithm based on a series of simplified hypotheses. 


Let the experimental material consist of a certain finite set of discrete 
identical objects. The number of elements m in the set may range from 1 

to the maximum possible number N = "max. The set of objects must be dis- 
tributed among r types of experiments. Let there be a specified weight 
function for the set of types of experiments, which links with each jth type 
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of experiment coefficient 4;, which determines the priority of a given 

experimented provided a sufficient number nj of animals is used in it. 

The effectiveness of this experiment apparently depends on nj. Let us 

as it as ¢; =a; Jj, where aj is the above-mentioned weight coefficient 
("5 ) is the function of informativeness. The choice of its structure 

= ‘ted discussed below, and here let us merely stipulate that it must 

satisfy conditions J-(0) = 0, lim/j() = 1. 


The problem is to select whole number values of ni5 in such a manner that 


the values of forms @,(n*)= “ g,j;= “ aj(n,;) | would reach their maximum 


=! j=l ’ 


values with observance of restriction “Nanj<n* , where 1* assumes values 
j=l 

of 1 to N (index 7, which equals argument m* in the designation for the 

maximized form, shows the resource level at our disposal). 


The formulated problem is not trivial with large enough r and N, in spite 
of several obvious simplified assumptions made to formulate it. The most 
significant of these assumptions are the hypotheses of mutual independence 
of functions of effectiveness of different experiments, identity of objects 
and use of a fixed animal in one type of experiment. To solve it, it would 
be the most expedient to use the method of dynamic programming proposed by 
R. Bellman [1]. In this problem, it amounts to solving the following 
functional equation 


#1 (0% Sevens (8/18) + Oj (n® — a) 


for j = 2, 3, ... 7. The value of 61 = 01 is defined as $,(m*) = a;J;(n*). 





The scheme for selecting optimum values of "™j can be described as follows: 
Let us assume that optimum values ”“j have already been found for jo<r types 
of experiments for all values of level of resources 1<n*<N, and for jo+l 
types of experiments for resource levels l¢n*¢ro-l. Let us assume that, 

at this step, one must determine optimum distribution of "; with J = Joti 
and n* = n7. 





In this situation, we could use a = 0, l, 2, «.., nf animals for experiment 
with number jot+l. Then, we shall have nhea animals left for all preceding 
jo experiments. Therefore, it is sufficient to determine the maximum for 

a in the following equation: §(a)=a, . j/;,4,+%), (%—@). 


The value of a which permits maximum expression of € is the sought “+ with 
Jj = Joti for the given level of resources "§. The formation of correspond- 
ing cycles in running the algorithm on a computer is obvious. 
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A table of values of "7; and o5("*), where 1<¢€N and KJj<r, is the result of 
calculation with the above algorithn. Setting ™* determines the optimum 
value of "pr for tne rth experiment, the optimum value of "“p_, for the 
preceding (”-1)th experiment corresponds to a resource level of "*-"p, etc. 
Let us recall that function %j is used to assess the effectiveness of the 
entire set of the first { experiments, rather than of the jth experiment 
alone. 


In order to use the proposed algorithm, we must have specified coefficients 
a5, the values of which can be obtained on the basis of expert estimates or 
another means, and functions of informativeness 17, which are selected on 

the basis of consideration of adequacy of experimental material for reliable 
interpretation of results of the experiment. In a model test of the algoritha, 
we expressed functions Ij in the form of curves of the logistic type: 


e M1(i—-e *F") 
Ij(a) = e Pise S' ° 





Parameter ™; corresponds to the point on the x-axis where function J has 

a point of inflection. The parameter €- indicates the rate of change in 
the function. In a real situation, the functions of informativeness of 
experiments can be set in any form that permits coastructive determination 
of their values, including tabulated form. 


The proposed method was used as a program in the ALGOL algorithmic language 

{2}. As an illustration, we shall give the results of calculation in the 

case where N = 45 and r= 10. The values of as, Mj and €; for three variants 
are listed in Table 1. Table 2 lists the optimum distributions for these 3 | 
variants with n* = 23 and n* = 45. As we see, most of the material is 

referred to experiments with high values for the priority coefficient. In 

the event of a shortage of material, preference is given to the experiment 

with the lower value of ™;. In some cases, an increase in cj could also 

cause assignment of material for an experiment. 


Another task, even more important in our opinion, is the formation of as 
homogeneous as possible groups of animals or other biological objects for 
test and control experiments. 


Before undertaking the formation of homogeneous groups, we must define the 
meaning of the concept of “homogeneity” in each concrete case. This work 
should begin with preparation of a list of the biological parameters for 
which homogeneity of groups is desirable. The animal's weight, number of 
formed blood elements, biochemical indices, etc., can serve as such para- 
meters. Let us indicate that it is expedient to divide the entire set of 
parameters into the following three categories: a) parameters that are 
relatively constant over periods of time commensurate with the time of 
performance of the experiment; b) parameters that change substantially and 
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and in the same direction in time (for example,weight); c) parameters that 
change periodically in time. 


Table 1. Values of parameters a:, ™; and F for three variants of 
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Table 2. Optimum distributions for the three variants with * = 23 and 











n* = 45 
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In the last two cases, it is desirable to use the rate of increase (decrease) 
in value of a parameter or amplitude and phase of periodic change therein as 
an informative index. 


By virtue of natural biological variability, the selected parameters wili 
differ in different animals. The aggregate of these values in different 
groups would form a certain statistical distribution. One must determine 
the characteristics of these distributions that one wants to be homogeneous, 
for example, one can form two groups with the same mean value of a given 


biological parameter but different variance, etc. 
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it is apparent from the foregoing that, in a real situation, when forming 
groups we shall nave to consider several (if not several dozen) digital 
characteristics. Since we know in advance that they cannot be identical for 
different groups, we must specify their relative priority in order to for- 
mulate a criterion that determines which distribution of the initial set 

of animals into two groups is optimum from our point of view. 


When distributing a selected set of animals into a specified number of 
groups, the number of possible combinations is quite high (for example, 
when distribution a set 2N of animals into 2 groups it constitutes 


C2" _ 2M! 228 
eee 


(wie 


which, in the case of 2N = 30 constitutes hundreds of millions of different 
combinations). For this reason, it is expedient to use a computer algorithm 
to detergine the optimum distribution. 


The mathematical problem could be formulated as follows: N points have been 
specified for a real space with dimensionality R. This set of points is 
divided into two (experimental and control) groups, the coordinates of 
points of which constitute a random vector sample. The criterion cf greup 
homogeneity is specified. For the case of two groups, it can be selectud 

in the following form: 


rer 4— 
L= > 3 Ay (My — Mais’, 


i=l Jum, 


where sequence, ™, and m2 represents < numbers of sample moments considered 
in forming homogeneous groups, M,,; and M,;; are the values of random 
[sample] moments and A; are the co respondihg weight coefficients. We must 
devise a method of distributing the points into groups that would provide 

a minimum value of the criterion for the large number of possible distribu- 
tions. Let us observe that this formulation is basically different from 

the usually considered problem of singling out from one set the points 
referable to different classes. 


An effective method can be proposed by different means. In the case of 
predominance of one of the weight coefficients, it is expedient to put the 
points in order on a given coordinate, then divide this sequence into pairs. 
Points from several of the first pairs are arbitrarily distributed into 
groups. When distributing the points of each successive pair, all possible 
distributions thereof into groups are scanned and the optimum (minimum) 
current value of the criterion is chosen. An alternative route is the 

use of the procedures in the Monte Carlo method. The choice of features, 
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for which homogeneity is achieved, as well as the values of weight coeffi- 
cients, depends on the specifics of the experiment and should be made jointly 
with experimenters. 


The problems discussed here are an example of the probiems involved in 
planning biological experiments, for the solution of which algorithms for 
computer calculations may find effective applications. 
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ine study of adaptive optimization of «beat photosynthetic productivity in the phyto- 
iron allowed » 25-1004 increase in the daily volumes of carbon dioxide assimilated by 
plants 


[Text] At the present time it is believed that the cenoses of higher plants 
could consticute the main part of the autotrophic element of a biological 
life support system (BLSS), with regard to their share in mass exchange [1]. 


Energy-mass characteristics are among the important indices of refinement 
of construction of the higher plant element in the complex hierarchic struc- 
ture of BLSS. Using a previously described method [2], ome can calculate 
that the overall mass of the higher plant element is proportional to its 
biomass productivity and inversely proportional to (Kp)%, where Kp is the 
coefficient of utilization by plants of photosynthetically active radiation 
(PAR) and a1. The data on plant physiology warrant the belief that para- 
neter Kp in crops, as well as agricultural crop harvests, can be increased 
by several times by optimizing the technological cultivation conditions in 
phytotrons with controllable environmental parameters. It is preferable to 
implement automatic optirization of complex objects with nonstationary 
characteristics, which aiso include crops that are elements of lower levels 
in hierarchic structures, by means of adaptive control systems [3]. The 
main advantage of adaptive control is that it is possible to determine the 
optimum (with regard to a cert.in index of quality) modes for objects, for 
which there is no comple e mathematical description and which function under 
changing con‘itions. Since the best modern mathematical models of the 
production process of plants can predict the current characteristics of a 
real planted crop only with a margin of error of the order of several tens 
cf percentage points, “hey cannot be considered suitable for optimization 
by means of the classical methods of mathematical programming. One of the 
effective means of improving technological modes of plant growing in 
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phytotrons is te design adaptive systems of maximizing the main parameters 
of photosynthetic productivity of plants, such as visible photosynthesis °, 
coefficient of utilization of physi~logically active radiation for photo- 
synthesis Kp = 9/E (where E is extent of irradiation of crop in the phyto- 
tron) and paramecer P = &*®, which characterizes the effectiveness of gas 
exchange as a tunction of assimilating surface of plants and degree of 
irradiation concurrently [4]. 


In this article, we describe and experiment dealing with adaptive optimiza- 
tion of biological productivity of wheat planted in a l mn phytotron, 
according to the criterion of maximum current value of visible photosynthesis 
in the space of three most important parameters of the plant enviroment: 
degree of irradiation PAR of plants E, air temperature T and concentration 
of carbon dioxide C, in the phytotron. The ficwcnart of the experimental 
unit is illustrated in Figure 1. In addition, the following parameters were 
stabilized in the phytotron: oxygen concentration in air Cg (20.5-21.52), 
temperature of nutrient solution in the root region T, (17-18°C), relative air 
humidity 9 (70%). We adopted 4 substrate-free aeroponic system of 
cultivation with periodic soaking of the plant roots with nutrient solution. 
The plants were exposed to radiation around the clock from three xeonon arc 
lamps, type DKSTB-6000 with squeous shield and glass filter, type SZS-24, 
which let through the segment of the spectrum from 450 to 680 nm. 


ap a 


a * ra, 
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—— 
ru of extremum 


Figure 1. Flowchart of experimental unit for adaptive optimization 
of photosynthesis of a wheat planting 
Key: TAO2) gas analyzer for oxygen 
TACO2) gas analyzer for carbon dioxide 
JITK) temperature sensor in root region 
iO) radiation sensor 
JIB) moisture sensor 
JiITB) air temperature sensor 
MM; -MMs) actuating mechanisms of corresponding control circuits 
t) step number 
Tyo»0) stabilized values of temperature in root region and air humidity 
in phytotron, respectively 
Kp) unit for calculation of optimization criterion 
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The hypothesis of unimodel function of quality index (EF, T, C,), which is 
confirmed by numerous data concerning unimodality of special static charac- 
teristics ¢(E), ?(T) and $(C,), made it possible to formulate the problem 
of retrieving the maximum according to three parameters as a problem of 
defining the local extremum which, in this case, coincides with the overall 
one. In the experiment described, a simplex algorithm of nonlinear mathe- 
matical programming was used. The above static characteristics of photo- 
synthesis indicate rhat the maximum levels of photosynthesis are not on 

the limits of the permissible range of values of the corresponding parameters 
of the environment. For this reason, in this experiment, we solved the 
problem of unconditional maximization of photosynthesis in the three- 
dimensional space of the parameters. 


For the sake of convenience of operator work, who sets the steps--search 
changes in environmental factors in accordance with the algorithm--a special 
pane’ was made, which was described previously [5]. The operator, who com 
pare) measur ; otosynchesis after different steps, moved plugs in accord- 
arce «'th « simple scheme and thus determined the next values of the steps. 


The size of th steps [pitch?}] for environment parameters, as well as 
periodicity of mode change, are the most important characteristics of the 
simplex algorithm. A series of experiments was conducted to define these 
characteristics, with measurement of transitory processes of photosynthesis 
of a wheat crop with step changes in specified values of parameters. As a 
result, it was found that maximum duration of transitory processes with 

steps of set values--J£<20 W/m’, ST€4°C, SCK0.04%--does not exceed 20 min, 

in both the direction of increase and decrease, in the range of 40 W/m <E< 
450 W/m* 12°CKT<40°C 0.07% C,€0.41%. It was established that it is 
virtually impossible to determine, from the appearance of the initial 

segment of the transitory process (for example, according to rate of change), 
which of the established levels of photosynthesis will be present after 
termination of the transitory process; bearing this in mind, the discrete- 
ness of measuring photosynthesis in the course of optimization constituted 

at least 20 min, and the steps did not exceed the indicated values. The 
wheat crop in the phytotron was submitted to optimization of photosynthesis 
Starting at the age of 22 days, once a week, throughout the vegetation 
period. The duration of each optimization session constituted 1 to 2.5 days. 
After obtaining values for E, T and C, corresponding to maximum photosynthesis, 
these values were fixed up to the next optimization session. 


The main results of this experiment were as follows: Periodic adaptive 
optimization by means of a simplex algorithm made it possible to track the 
drift of extremum of photosynthesis of the wheat crop in ontogenesis. 

Figure 2 illustrates the dynamics of photosynthesis over the vegetation 
period. Th averaged curve in Figure 2 is similar in shape to the course 

of photosynthesis under “factorostatic"” [?] conditions, determined by the 
ontogenetic changes in plant metabolism; however, a scrutiny ©f daily photo- 
synthesis shows that the relative increments of rate of uptake by plants of 
carbon dioxide constitute 25 to 100% on the days of optimization (see Table). 
Thus, the rate of increase in photosynthesis during optimization sessions is 
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considerably higher than the mean rates of increase in photosynthesis in the 
intervals between these sessions, on the escending arm of the curve ref lect- 
ing the dynamics of photosynthesis. This is indicative of effectiveness of 
the adopte:! optimization algoritha. 


Increment of wheat plant photosynthesis as a result of cptimization 
of parameters of plant environment 


Photosynthe- tosynth. 
plant bet sis 2— — o0 2 (ol See Ss * 
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Figure 2. Figure 3. 
Dynamics of photosyathesis of Change in optimum environment para- 
wheat crop during the period of meters in phytotron as a function 


vegetation of plant age 


The optimum modes determined during the optimization sessions changed sub- 
stantially, depending on the age of the plants (Figure 3). While the con- 
centration of carbon dioxide changed relatively little during vegetation, 
the scatter of optimum levels of irradiation E constituted 120 W/m" PAR, 
i.e., about 60% of the initial level; the scatter of optimum temperatures 
T constituted 18°C, which is 50% of the end value. Typically enough, the 
maximum of optimum temperatures was referable to the period when the rate 
of increase in photosynthesis in ontogenesis was at a maximum, whereas 
there was a significant drop of optimum temperature (to 18°C) at the time 
of flowering and grain formation, and it Neld at this level until the grain 


ripened. 
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Several physiolovical distinctions were noted in the plants during the 
sessions of optimization of photosynthesis, which affect the process of 
searching for optimum modes. After long-term exposure to “factorostatic"™ 
conditions, low “steps” of parameters, in both the direction of increase and 
decrease, did not lead to an increase in photosynthesis; however, there 

was such an increase with several steps in a specific direction. Moreover, 
in some cases there was establishment of an algorithm cycle about a 

fixed point, in spite of drift of the extremum point, after bringing cut 

the working point in the three-dimensional space of parameters to the optimum 
region. Evidently, such effects can be attributed either to the presence of 
relatively high-frequency components in the extremum drif, the rate of 

which is commensurate with the rate of convergence of the des ribed algorithn, 
or presence of an internal homeostatic regulator, which alters the reactions 
of the plant to step factors referable to environmental parameters during 

the optimization process. 


This experiment demonstrated the efficiency of the developed system of 
adaptive optimization of photosynthesis of plants cultivated in a sealed 
phytotron. With appropriate choice of optimization criteria, such systems 
of adaptive control could automatically provide for better energy-mass 
characteristics of the higher plant element of BLSS than under any “factoro- 
static" conditions, by means of increasing Kp and specific productivity of 
agricultural crops. 
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[English abstract from source] 


It has been demonstrated that the quality of reclaimed water depends on pHi ot 
initial urine: the water reclaimed by evaporation at temperatures not higher than 50°C 
shows higher content of ammonium nitrogen and better oxygenation at pH 3—5. 


[Text] In the course of long-term space flights, it becomes necessary to 
create a system for reclaiming water from water-containing human waste. 

The latter includes such a chemically complex mixture as urine. On the 

order of 300 volatile compounds have been found in the urine of healthy 
individuals, among which ketones, alcohols, lactones, terpenes, etc., have 
been identified [1]. Urine also contains ammonia in the form of ammonia 
salts (chlorides, sulfates, phosphates) [2, 3]. The 24-h amount thereof 
ranges from 0.4 to 1.2 g [3]. Many components of urine and, first of all, 
volatile ones, may get into the reclaimed water and render it unfit for 
consumption. Pretreatment of urine (pr: servation) improves substantially the 
physicochemical and organoleptic qualities of reclaimed water [4, 5]. Various 
chemicals, which may include acids, are used as urine preservatives in water- 
reclaiming systems [5]. The acid may have a dual effect on the chemical 
components of urine. On the one hand, the preservative may improve the 
quality of reclaimed water as a result, let us say, of binding of ammonia 

in a stable complex; on the other hand, it can cause formation of new com- 
pounds as a result of decomposition of urine components which worsen the 
chemical parameters of reclaimed water. For these reasons, it was deemed 
interesting to determine the correlation between quality of reclaimed 

water and initial pH of urine. 
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Methods 


Watec was extracted from urine by eveporation in a stream of air at a tempera- 
ture not exceeding 50°C. Urine was treated with sulfuric acid and caustic 
soda. The pH of urine and reclaimed water was measured with an LPU-Ol 
laboratory pH-meter. The coiorimetric ucthod was used to assay urea [6] in 
urine, as well as ammonia and nitrite nitrogen. The reclaimed water was 
submitted to chemical analysis for determination of its active reaction, 
oxidizability with potassium permanganate and bichromate [7]. It must be 
noted that urine remained decontaminated during the experiment (6-7 h), 

so that all of the changes in parameti.rs of quality of reclaimed water can 

be related to chemical conversions of urine components after treatment thereof. 


Results and Discussion 


The obtained experime:.ital data indicate that different pH levels can have a 
substantial effect on the quality of reclaimed water, without altering the 


level of bichromate oxidizability (~20,000 mg 02/2) and ammouia nitrogen 
(~1000 mg/2) of urine. 
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The Figure illustrates bichromate oxidizability of reclaimed water and 

its ammonia nitrogen content as a function of pH of urine. Bichromate 
oxidizability makes it possible to make an overall estimate (90-95%) of the 
levels in water of organic admixtures that are so abundant in the base 
product. The Figure shows that there is an inverse correlation between 
levels of bichromate oxidizability and ammonia nitrogen of reclaimed water 
at some values of urine pH. Bichromate oxidizability of water decreases 
when initial urine pH drops from 6 to 5. In the pH range of 3 to 5, bi- 
chromate oxidizability presents minimum values, and it ircreases drastically 
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with urine pH of less than 3. The findings are different with regard to 
ammonia content of reclaimed water: decrease in level thereof with decrease 
in initial pH of urine, and increase with increase in urine pH. 


Indices of quality of reclaimed water as related to initial urine pH 


























Indices of quality of 
reclaimed wa 
Urine 
2 | 
Urine * 2* 
PH 314 pH 
¢| 3 
= z 
1 | 415 3,53 55.5 0.09 | 0,00 
2 6,7 3,24 31,6 0,08 0,00 
3 3.8 3,14 15 0,13 0,00 
+ 2.2 3,57 10.3 0,05 0.00 
5 14 3,97 6,7 0,05 0,5 
6° 7,7 11,5 0,06 16 
7 0,27 | 8.25 8.6 0.08 24 
8 0,65 | 7.76 7.9 0,07 26 
9 1,37 | 8.56 9,9 0,07 58 
*Urine without reagent treatment. 


It should be noted that urine is a buffer mixture, and a rather large amount 
of acid must be added to lower its pH from 6 to 1. The Table lists the 
amounts of sulfuric acid and caustic soda that must be added to alter 

an initial urine pH of 6. The same table lists the indices of quality of 
reclaimed water ‘~" permanganate oxidizability, nitrite and armonia nitro- 
gen) as related to urine pH. As we see, initial urine pH influences the 
level of permanganate oxidizability and nitrite nitrogen. As in the case 

of bichromate oxidizability, permanganate oxidizability increases with 
decrease in initial urine pH and decreases somewhat at pH>6. There is a 50% 
increase in nitrite nitrogen in reclaimed water with urine pH in the range 
of 1-3 and 25% increase with pH 7-9. In all of the tests, the urea level 
remained constant, and it constituted 13-15 g/%. 





According to the obtained results, the quality of reclaimed water depends on 
the active reaction of treated [processed] urine. Water recovered without 
reagent treatment of urine contains 16 times more ammonia nitrogen than at 
low pH levels. In the case of alkaline urine (pH 9), the amount of ammonia 
nitrogen in reclaimed water increases by almost 4 times. Bichromate oxidiza- 
bility of water is at a minimum with initial urine pH of 3 to 5, whereas at 
pH 1 bichromate oxidizability even exceeds oxidizability of water recovered 
from untreated urine by more than double; at pH 7-8, bichromate oxidizability 
is almost one-half the control level. It was previously noted that ammonia 
is present in urine in the form of salts (ammonia chloride, ammonia carbonate, 
ammonia phosphate, etc.), which are unstable and can separate [decompose] 
with discharge of ammonia. In untreated urine, first of all there is 
dissociation of ammonia salts to ammonia, but not of urea, since the level 
thereof remained constant throughout the experiment. 


107 











The increase in ammonia nitrogen content in an alkaline medium can be attri- 
buted to formation of a labile compound from ammonia salts, ammonia hydroxide, 
subsequent release of ammonia in the gas phase and dissolution in a con- 
densate. When sulfuric acid is added to urine, there is formation of a 
stable ammonia sulfate salt, and no ammonia is released into the gas phase. 


However, the recovered water cannot be used for drinking purposes without 
additional purification. The question arises as to what kind of water is 
desirable: with low ammonia content but high oxidizability or, on the 
contrary, with high ammonia content and low oxidizability. This question 
can be answered on the basis of data pertaining to exchange capacity of 
exchangers that absorb ammonia and adsorption capacity of carbons with 
respect to organic substances. Data in the literature warrant the conclusion 
that it is simpler to bring reclaimed water with high ammonia content to 

a potable quality than it is to do so with water with low ammonia content but 
high oxidizability. The most effective are, for example, the KU-2x16 cation 
exchangers in the Si [?] form, the total exchange capacity of which for 
ammonia constitutes 3.35 mg-eq/2 [5]. It is more difficult, however, to 
remove organic impurities from reclaimed water. This is attributable 
primarily to the lack of data on sorption capacity of carbons with regard to 
the different components of urine that remain in water in the course of 
reclamation. 


On the basis of the obtained experimental data, it can be concluded that 
the quality of reclaimed water depends on the pH of initial urine: water 
reclaimed from urine by evaporation has better chemical parameters, 
according to ammonia nitrogen content and oxidizability, with initial urine 
pH of 3-5. 
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[Text] Oxidizability [oxygenation?] is one of the indices of sanitary 
and hygienic state of air in work areas, as it permits approximate 
determination of levels of volatile organic substances. 


Acetic acid, aldehydees, as well as a number of other organic substances, 
are the natural products of human vital functions, and they are released 
into the environment with exhaled air, sweat, urine, excrements, etc. In 
the air of a small, closed area, these organic compounds as a whole could 
induce discomfort, associated with a number of unpleasant sensations (odor, 
nausea, vertigo, headache, etc.). Heretofore, air “oxidability” has been 
determined according to the organic impurities capable of oxidation to acetic 
acid or acetaldehyde, and as a result a number of compounds are overlooked. 
For this reason, when making a sanitary chemical evaluation of air in 
closed areas of a limited size, one must oxidize, if possible, organic 
impurities to carbon dioxide [1-4]. 


In this work, we tested the influence of duration of reaction, acidity of 
medium, heating conditions and use of catalysts on the reaction of oxidation 
of ethanol. 


Methods 

The bichromate and standard (CEMA) methods were used as the basis for 
determining oxidability of water [5]. As the standard, we used an aqueous 
solution of ethyl alcohol containing 100 mg alcohol per liter solution. 


We proceeded from the following calculations in assessing the results of the 
Studies: Depending on the conditions, under which the analysis is performed, 
ethyl alcohol can be oxidized to acetaldehyde, acetic acid or carbon dioxide: 
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GH GH + "0, —» CH,COH + H,0, (1) 
C,H,OH + O, — CH,COOH + HO (2 
C,H,OH + 30, — 2CO, + 3H,0. (3) 





According to stoichiometric calculations using these equations, oxidability 
of samples containing 100 mg ethanol should constitute 34.7, 69.4 and 208.2 mg 
O2, respectively. A comparison of the estimated data to experimental data 
enables us to determine the degree of oxidation of ethanol and assumed 
reaction products. 


Preliminary experiments established that oxidation of ethanol was virtually 
complete within 30 min of boiling samples, both in a water bath and in 
flasks with a reflux condenser. Longer heating did not cause substantial 
changes in the direction of increased oxidizability, so that all samples 
were subsequently heated for 30 min. 


The standard method, which was nodified in the course of the studies, con- 
sisted of the following: Into two successively connected Polezhayev 
absorbers we decanted 5 mi chromium mixture (0.5 N K2Cr207 in concentrated 
H2S0,, specific mass 1.84). Using a blower, 5 £ of the tested air was 
pumped through the absorbers at the rate of 0.1-0.15 £/min. After blowing 
the tested air through, 15U-200 mg silver sulfate was added to the absorbers 
with the chromium mixture and to a control sample, then they were shaken and 
submerged in a boiling water bath for 30 min. The sample was periodically 
shaken until the silver was completely dissolved. After cooling, the 
contents of the absorbers were transferred to different flasks for titration; 
the volume of wash water was brought up to 40 mi and the samples were 

again cooled in cold water. Just before titration, we added 3 drops of 
indicator--phenylanthran lic acid--into the flas, and after 20-30 s we 
titrated with 0.05 N Mohr'’s salt until the reddish-blue color changed to 
bluish-green, which was the final point of titration. 


Calculation of oxidizability was made using the following equation: 


—b).K.04. 
 - b)-K-0. . 


where C is the amount of O2 required for oxidation of organic substances (in 
mg 02/2), @ is the amount of 0.05 N Mohr's salt used to titrate the control 
sample (mi), b is the amount of 0.05 N Mohr's salt used to titra!» the 
experimental sample (mi), K is the correction coefficient for Mohr's salt 
solution, 0.4 is the conversion factor (amount of oxygen corresponding to 
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1 mf 0.05 N Mohr’s salt) and V is the volume of passed air, scaled to normal 
conditions (inn >. 


The following is required to conduct the tests: 1) 0.05 N KeCr207 (GOST 4220- 
48) in concentrated H250. (specific mass 1.84); 2) 0.05 N Mohr'’s salt (GOST 
4208-48); 3) crystaline silver sulfate for analysis (GOST 1277-4); 4) phenyl- 
anthranilic acid (TU [technical specifications] of the Ministry of the 
Chemical Industry 2875-51); 5) Polezhayev absorbers; 6) 150-200 mf flasks 
for titration; 7) graduated 5 mi pipettes; 8) graduated 50 m cylinder. 


Results and Discussion 


The ethanol samples underwent oxidation by the bichromate method only to 
acetic acid. Thus, according to reaction equation (2), 69.4 mg 02 is 
required to oxidize a sample containing 100 mg/f2 ethanol, whereas experi- 
mentally we obtained 71.9%1.2 and 71.6%2.8 mg 02. 


In the former case, the samples were boiled in a water bath in concentrated 
sulfuric acid and in the latter case, in a flask with reflux condenser in 
50% sulfuric acid. Boiling the samples in flasks with reflux condenser 

in concentrated suifuric acid led to separation of bichromate and acid. 


The use of the modified standard method (CEMA) with a silver sulfate cata- 
lyst made it possible to oxidize ethanol virtually to carbon dioxide. An 
average of 201.2*4.1 mg 02 is used to oxidize 100 mg ethanol, whereas the 
figure is 208.2 mg O2 according to the stoichiometric equation (3). Thus, 
use of silver sulfate as a catalyst yields 96.6% oxidation of ethyl alcohol 
to carbon dioxide. 


In subsequent studies to decermine oxidizability of volatile organic sub- 
stances in air, we used a modification of the CEMA method, which demonstrated 
the best results for oxidation of aqueous solutions of ethanol. 


Determination of “oxidizability” of the air of work rooms of a limited size 
by the bichromate method with concentrated H2S0. and modified CEMA method 
revealed that “oxidizability” of air was 28% higher in the latter case. 


Since the method of bichromate oxidizability with the use of catalysts 
(silver sulfate) yields oxidation of ethanol to carbon dioxide, it is 
pessible to provide a more complete evaluation of the degree of air pollu- 
tion by volatile organic compounds in closed areas of a limited size. 
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[Text] The question of the role of the hydrostatic factor as a means of 
preserving orthostatic stability with hypokinesia remains open. Some 
authors observed a positive hydrostatic influence on orthostatic stability 
during 18-h hypokinesia [1], while others, on the contrary, observed that 
the presence of hydrostatic pressure does not have a positive effect on 
orthostatic stability when muscular activity is restircted [2]. 


Our objective here was to investigate the influence of the hydrostatic 
factor on orthostatic tolerance and physical fitness of man in the course 
of long-term antiorthostatic [head-down] hypokinesia. 


Methods 


Six essentially healthy male volunteers participated in the studies; they 
ranged in age from 19 to 37 years, and they were selected after an in«depth 
clinical and physiological work-up. At all stages of the studies, they 
consumed natural food totaling about 3000 kcal/day. Fluid intake was not 
restricted. Three subjects, who made up the control group, were kept on 
strict bed rest in antiorthostatic position, with the head end of the bed 
tilted -«4.5° down, for 60 days. The other 3 subjects spent 2 h per day 

in sitting position (1 h after breakfast and 1 h after lunch [or after 

lunch and dinner--terms are ambiguous]), and the remaining 22 h they were 
in strict antiorthostatic position, like the subjects in the control group. 
For each 1NbS hydrostatic session, they sat in bed for 45 min with the 

legs extended horizontally and 15 min, with the legs dropped. A 20-min 
passive orthostatic test (75°) was made twice in the background study, then 
on the llth, 18th, 25th, 32d, 39th, 46th, 52d days of hypokinesia and on the 
lst day of the recovery period. The heart rate was recorded continuously and 
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orthostasis as obtained by applying negative pressure to the lower half of 
the body. However, a beneficial effect can probably be obtained only when 
variable negative pressure is used, which causes blood to shift to the lower 
part of the body [7]. 


Table 2. Physical work capacity (PWC 170 kg-m/min) during anti- 
orthostatic hypokinesia 
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Thus, daily use of the hydrostatic factor for 2 h during 60 days of hypo- 
kinesia did not have a beneficial effect on man's orthostatic stability 
and phywwical work capacity. 
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{Text} It is known that the visual and gravity receptors are involved in 
man’s orientation in relation to the physical vertical plane, regardless of 
his position in space. The presence of a vertical constant makes it 
possible to correctly estimate the true geometric relations in space and 

to pian accurately actions with surrounding objects. Under ordinary condi- 
tions, man prefers to use the visual vertical constant, because mistakes 
are often made in identifying the vertical line when the field of vision 

is inclined [1, 2]. They are manifested by shifting the subjective 
vertical line in the direction of inclination of optical lines (in such 
cases, the body seems to be tilted in the opposite direction). This result 
is indicative of the subordinate role of afferentation of gravity receptors, 
which objectively reflect the position of the physical vertical line in 
relation to visual afferentation, upon which the ultimate erroneous 
estimate is based. This phenomenon has been used in various studies as a 
critical test ("rod-frame" test) for demonstration of individual sensitivity 
of man to inclination of the visual field [3]. An illuminated frame was 
used as the visual field and an illuminated line or rod, as the movable 
{orientable] object. Individuals who presented a distinct preference for 
oreintation according to visual coordinates were classified as "field- 
dependent,” and those who did not present such a capacity (i.e., who pre- 
ferred to be oriented on the basis of vestibuloproprioceptive perceptions) 
were labeled “field-independent™ [4]. 


In the dark, with the body straight, man's vertical orientation undergoes 
virtually no change, but it diminishes substantially when the body is 

tilted. Thus, the error is of the order of 30-40° in determining the 
vertical line in the dark, with the subject's body in horizontal position 

[5, 6]. If the body is deflected, for example, to the left of the physical 
vertical line in the darkness and the subjective vertical shifts to the left, 
it means that the subject underestimated the inclination, since the anjle 
between the body axis ard subjective vertical sould be smaller than the 
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If, however, under the same conditions the subjective vertical is deflected 
to the right of the physical vertical, it means that the subject overestimated 
the angle of inclination of his body. 


In previous studies conducted after hypokinesia, ap increase in error of 
orientation was observed in the dark [7]. Since the tests were made in 
darkness, the obtained data reflected primarily changes in the gravireceptor 
systen. 


In view of the foregoing, it was planned to use two tests to study the 
effect of 5-day hypokinesia on vestibuloproprioceptive orientation: orienta- 
tion in a field of vision without a reference point and ir a field with an 
image ("rod-frame" test). 


Methods 


The methods used to test orientation against the background of a field with 
no reference points (test 1) were described comprehensively previously [8]. 
The subject made three attempts to orientate an illuminated line, which the 
researcher put in a different initial position each time, at angles of 
30-40" to the right or left of the physical vertical. The study lasted 

3-4 min. 


Study of orientation against the background of a field of vision containing 
an image (test 2) involved the use of a rod attached in front of the image, 
which the researcher first placed in one of the initial positioss at 

engles of 30, 26, 22, 18, 0 and -30° in relation to the vertical line. 

The direction of shift of the image toward the subject's head was designated 
by positive numbers. Upon delivery of a signal, in the form of lighting the 
image, the subject placed the rod in a vertical position by turning a ring 
attached to the external surface of a tube. The magnitude of error was 
determined from a scale on the surface of the tube. The subject made three 
attempts to position [orient] the rod against the background of each new 
positioa of the image. Test 2 required 20-25 min. 


Four groups were formed of the eight healthy subjects, ranging in age from 

27 to 37 years, each of whom part ‘cipated twice in this study; the groups 

were formed on the basis of the subject's body position during hypokinesia. 
The first group was in horizontal position, the second, third and fourth 

had the head end of the bed tilted at angles of -4, -8 and -12°, respectively. 
The first and third groups, as well as the second and fourth groups, consisted 
of the same subjects involved at different times. 


Each group was examined in the base peric:\ (twice), during hypokinesia (once 
a day) and in the recovery period (lst and 2d days). Tests 1 and 2 were 
performed in the same position that the subject occupied during hyrokinesia 
("main position"). In addition, all subjects were tested in horizontal 
position before and after hypokinesia. Testing was conducted in the main 
position only on the left side. When tested in horizontal position, the 
subjects were either on their right or left side. 
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Results and Discussion 


Testing of orientation during hypo- 
kinesia failed to demonstrate spe- 
cific changes. Analysis of the effect 
of hypokinesia on orientation was made 
on the basis of comparison of the 
findings made before and after the 
tests. 


A comparison of the data obtained 

in the main position before and 

after hypokinesia (see Figure, variant 
A, curves H;-H2) revzaled that the 
mistakes of subjects in the 2d and 

3d groups in test No 1 did not change. 
In test 2, a reliable change in the 
form of an increased error with under- 
estimation of the angle was noted in 
the 3d group. A reliable decrease in 
mistakes after hypokinesia was found 
in the 4th group of subjects, accord- 
ing to test 1 (see Figure and Table). 


The results of testing in horizontal 
position reflected changes in’ error 
from the main position (-4, -8, -12°) 
in which the subjects were submitted 
to 5-day hypokinesia to the new 
(horizontal) position. The most 
marked shift [change] was noted in 
the 2d group according to tests 1 and 
2, when we compared data obtained 
before and after hypokinesia in this 
position; lesser changes were noted 
in the 3d group. In the 4th group 
there were no statistically reliable 
changes. Thus, maximum changes in 
horizontal position were demonstrated 
in the 2d group (with smallest angle 
of deflection from the horizontal 
line) and in the main position, in 
the 4th group (with maximum deflection 
of angle from the horizontal line). 


As we have already indicated, tests 

1 and 2 in horizontal position were 
conducted on the left and right 
sides. A comparison of these data 
revealed asymmetry in the 3d (test 2) 











and 4th (tests 1 and 2) groups (see Table), which is apparently indicative 
of left-sided increase in tonus of skeletal muscles. 
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Group of subiects 


Change in vertical orientation after 5-day hypokinesia, subjects 
tested in recumbent position on left side: white circles, data 
obtained before hypokinesia and black circles, after hypokinesia 





[-1, [-2) subjects tested in horizontal position 
H-1, H-2) subjects in 2d, 3d and 4th groups tested in positions with 
angles of -4, -8 and -12°, respectively 
A) orientation in field of vision without reference points 
B) against the background of a straight (0°) image 
C) against the background of tilted (30°) image 


The stability of changes induced by hypokinesia was evaluated by comparing 
the results obtained on the list and 2d days of the recovery period. A 
reliable decrease in errors made was found on the 2d day in the lst, 2d 

and 4th groups with the subjects in horizontal position, and in the 3d group 
when they were tested in the main position (see Table). It must be noted 
that this reduction of errors in the 2d and 3d groups actually was normaliza- 
tion of the change induced by hypokinesia (see Table). In the 4th group, 

no normalization of errors previously demonstrated in the main position 

was noted. 


Analysis of the data listed in the Table shows that test No 2 may be the 
only indicator of changes in vestibuloproprioceptive vertical orientation, 
which occur during hypokinesia. Apparently, the greater the discoordination 
between afferentation of vestibular and articulocutaneous analyzers induced 
by stasis of blood in soft tissues [2], the greater man's sensitivity to 
inclination of the field of vision. 


In previous studies involving antiorthostatic hypokinesia, it was demon- 
strated that there is a correlation between the angle of inclination of the 
body and orientation rror [2]. However, it must be borne in mind that 
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the tests were conducted in horizontal position in these studies. In the 
studies with 5-day hypokinesia, the subjects were tested in both tilted 

and horizontal position. In tilted ("main") position, hypokinesia with the 
largest inclination angle led to a decrease in orientation errors. However, 
this result alone does not reflect the full picture of orientation changes. 
One must take into consideration not only the absolute error increment after 
hypokinesia, but appearance of right and left asymmetry, as well as stabi- 
lity of demonstrated changes. From this point of view, antiorthostatic 
hypokinesia with tilt angles of -8 and -12° had the strongest effect on 
vertical orientation. 


BIBLIOGRAPHY 


1. Asch, S. H., and Witkin, H. A. J. EXP. PSYCHOL., Vol 38, 1948, pp 325- 
327. 


2. Bokhov, B. B., and Yelatomtsev, B. V. FIZIOLOGIYA CHELOVEKA [Physiology 
of Man], No 4, 1975, pp 697-702. 


3. Fine, B. J. PERCEPT. MOTOR SKILLS, Vol 40, 1975, pp 683-693. 
4, Witkin, H. A. PSYCHOL. MONOGR., Vol 63, No 7, 1949, pp 1-45. 
5. Bauermeister, M. J. EXP. PSYCHOL., Vol 67, 2, 1964, pp 142-147. 


6. Bokhov, B. B., and Kantor, S. L. FIZIOLOGIYA CHELOVEKA, No 2, 1977, 
pp 308-316. 


7. Bokhov, B. B.; Kornilova, L. N.; and Yakovleva, I. Ya. KOSMICHESKAYA 
BIOL. [Space Biology], No 1, 1975, pp 51-56. 


8. Bokhov, B. B.; Yakovleva, I. Ya.; Kornilova, L. N.; et al. Ibid, No 6, 
1973, pp 51-55. 


120 











UDC: 612.111.4.014.477-063 
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{Text} There are only isolated reports,in the literature dealing with the 
search for clearcut criteria of the deleterious (pathological) effect of 
impact accelerations on the body, that discss attempts at using changes in 
different hematological parameters for this purpose [1, 2]. Our objective 
here was to assess the possibility of using changes in chemical (acid) 
resistance of erytrhocytes as such criteria. 





Methods 


Experiments were conducted on 36 male albino rats weighing 150-180 g, which 
were divided into three equal groups. The lst group was exposed to landing 
impact accelerations of 410+50 units at a collision rate of 10 m/s; the 2d 
group was exposed to accelerations of 760%50 units at the same collision 
rate. Impact accelerations were produced on an SUP-10 vertical stand [3, 4]. 
The accelerations were in the “back--chest" direction. Blood was taken 

for tests from the tail before the experiment, then 1, 2 and 3 days after it. 
Chemical resistance of erythrocytes was determined by a modified [5] method 
of acid erythrograms [6]. Concurrently, determination was made of total 
erythrocyte count and hemoglobin content thereof. 


Results and Discussion 


As shown in preliminary experiments [4], the above accelerations did not in- 
duce any deviations in general condition and behavior, or visible lesions 

to internal organs in the first group of rats. In the second group, 
aggressiveness and increased motor activity appeared as a result of exposure 
to accelerations, which was evaluated as development of the erectile phase 
of traumatic shock. Postmortem examination revealed damage to lung tissue 
in most such animals, in the form of fine hematomas. In the third group, 
the condition and behavior of the animals (adynamia, paresis of hind legs, 
lack of reaction to sonic stimuli, etc.) were indicative of development of 
the torpid phase of traumatic shock. Postmortem revealed numerous 
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hemorrhages in thoracic and abdominal organs, soft tissues, skin, subcutaneous 
tissue and muscles. In some cases, the animals died within the first few 
minutes after exposure. 


Accordingly, the rats in the first group were considered as an active control, 
which enabled us to assess nonspecific (stress) reactions to stimuli, 

which occurred in the course of preparing for and conducting the experiment 
(transportation, immobilization to the stand platform, a factor known not 

to be harmful). The animals in the second and third groups were qualified 

as biological models of mild and severe trauma, respectively. In view of the 
distinctions of these biological models, the last two of which were charac- 
terized by definite impairment of homeostasis, as well as some loss of 
circulating blood, we were justified in expecting qualitative and quantita- 
tive changes referable to the cellular system, with which we were concerned. 
However, as can be seen in the Table, we failed to demonstrate quantitative 
changes in erythrocytes after exposure to impact accelerations in any of 

the experimental groups. Hemoglobin content only changed in the third group 
of animals. Hence, in the case of severe trauma, a certain amount of hemo- 
globin was lost and this, in turn, could only have occurred in the presence 
of qualitative changes in erythrocyte structure, for example impaired per- 
meability of cell membranes. In the first group of animals, the hemolysis 
curves after the experiment did not differ from the initial ones. Conse- 
quently, the set of factors involved in the course of preparing for and 
conducting the experiment, including the effect of landing impact accelera-~- 
tions of the indicated intensity, did not have an appreciable effect on 
qualitative state (chemical resistance) of erythrocytes in this experiment. 
In the case of exposure to landing accelerations that induced mild trauma, 
there were no drastic changes in nature of the acid erythrocgrams; in this 
case, the hemolysis curves differed little from the initial ones. Only 

some increase (after 24 h) in percentage of erythrocytes, hemolysis of which 
occurred in the interval between 3.5 and 6 min (P = 0.05-0.001), merited 
attention; it could be evaluated as an indication of increase in relative 
number of cells with increased resistance to acid hemolysis. This circum 
stance indicates that, under the conditions in question, there is some quali- 
tative change in erythrocytes, although it is present for a brief time only. 
In view of the data in the literature, it may be assumed that these changes 
are related to hormonal influences on erythrocyte membranes [7]. A compari- 
son of erythrograms of the third group of animals revealed that the hemolysis 
curves after exposure to impact accelerations are shifted to the left, as 
compared to the initial findings, with a steep elevation after 2 min, 

maximum elevation (to 25% on the lst and 2d days) after 3 min (P = 0.01-0.001) 
and decline (to 5%) after 4-5 min. We were impressed as well by the fact 
that this change persisted throughout the observation period (3 days), 
thereby indicating the stability of changes in acid resistance of erythro- 
cytes in the presence of severe trauma. Since the distribution of erythro- 
cytes according to their resistance to acid depends on the age of the cells 
(and, as we know, young cells are highly stable, and they are situated on 

the right side of the graph [6, 8], it may be concluded that the increase in 
percentage of cells with diminished resistance to acid hemolysis is 
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attributable to an increase in share of “old” erythrocytes, ready to disin- 
tegrate. The causes of sudden “aging” of erythrocytes are not quite clear. 
Perhaps, this process is related to some extent to compensatory replacement 

of erythrocytes, which were lost as a result of hemorrhages, by devicient 
ones that have already been excluded from the circulation and migrated 

after trauma into the blood stream again. Nor can it be ruled out that trauma 
is associated with appearance of some toxic substances in blood, which have 

a direct effect on the structure of cell membranes of all, or the majority 

of erythrocytes. Such substances may include histamine, oxidized lipid 
products and products of protein breakdown [9]. Analogous effects are also 
observed with a change in blood pH [10], inhibition of glycolysis in erythro- 
cytes [11] and increased insulin concentration in blood [7], i.e., in the 
presence of various changes in composition of the body's internal environment. 





Erythrocyte count and hemoglobin content of rat blood at different 
times after exposure to impact accelerations (% of initial levels) 
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Note: Initial erythrocyte count 4.8 million/m’ (4.6-5.0) and initial 
hemoglobin content 13.7 g% (12.7-14.0). 


Scott et al. [12], who studied the mechanism of acid hemolysis, expcund the 
hypothesis that the discharge of hemoglobin in this case (as well as, for 
example, in the presence of paroxysmal noctural hemoglobinuria) is related 
to the formation of “openings” in the erythrocyte membrane, which are large 
enough to allow the hemoglobin to escape. Evidently, in the case of severe 
trauma, conditions are created that favor formation of these "openings" 

in the erythrocyte membrane and spontaneous escape of hemoglobin. The 
decrease in blood hemoglobin content against the background of unchanged 
erythrocyte content,which we noted in the third group of animals, can 
probably be attributed to this cause. According to the foregoing, severe 
trauma unquestionably affects the qualitative state of erythrocytes: there 
is a drastic decrease in their resistance, in particular to acid hemolysis. 


On the basis of the demonstrated differences in behavior of the cell system 

in question, on the whole and with regard to acid hemolysis (lack of changes 

in the case of factors that do not induce damage; increased chemical resistance 
of erythrocytes under the influence of factors limiting damage exclusively 

to lung tissue, which incidentally is interpreted as manifestation of the 
primary deleterius effect of landing accelerations [3, 13, 14]; drastic 
decrease in chemical resistance of erythrocytes in the case of severe trauma), 
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it is concluded that the changes in chemical resistance of erythrocytes 

are a rather informative indicator for in vivo evaluation of the inten- 

sity of effects of impact accelerations on the body, including differentia- 

tion between deleterious and nondeleterious exposure. 
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EXTERNAL RESPIRATION AND GAS EXCHANGE REACTIONS OF MAN DURING ROTATION ON 
A SHORT-ARM CENTRIFUGE 


Moscow KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHESKAYA MEDITSINA in Russian 
No 4, 1979 pp 85-86 


[Article by 0. L. Golovkina, submitted 11 Aug 78] 


[Text] ur main objective here was to study the reactions of the human 
external respiration system and gas exchange during exposure to accelera- 
tions and combination thereof with exercise on a birycle ergometer, using 
a short-radius centrifuge (SRC). 





Methods 


We conducted three series of studies: one involving exercise on a bicycle 
ergometer with a 600 kg-m/min load for 10 min, 3 times, at 10-min inter- 

vals for rest; rotation on SRC with acculerations of +1.0, 1.5 and 2.0 G, 

for 60 min; rotation on SRC for 60 min with accelerations of +1.0 and +1.5 G, 
combined with pedaling on the bicycle ergometer 3 times for 10 min each. 

Five or six subjects participated in each series. The subjects were in 
horizongal position. During rotation on the SRC (R = 2 m), the accelerations 
were in the direction of the head-pelvis axis (Z) and maximum levels thereof 
were created on the level of the feet. The axis of rotation passed through 
the subject's nasal bridge. During rotation, braces were slaced under 

his feet so that the subject would not shift in relaticau to the rotation 
axis. The bicycle ergometer was secured to the centrifuge for the same 
purpose. We recorded the pneumotachygram (to determine minute volume of 
respiration, MV) and rate of cardiac contractions (heart rate, HR). We 
collected air samples using a modification of the Douglas-Haldane method 

for subseugent analysis and calculation of energy expended (EE) and gas 
exchange. This recording was made after 15 min of rest, prior to the 

study, during the study and in the 10-min aftereffect period. On the 

basis of the obtained data, we calculated the oxygen pulse (OP), coefficient 
of oxygen uptake (OU), oxygen debit (OD) and coefficient of recovery (CR). 


Results and Discussion 


We failed to demonstrate reliable changes in values of the main parameters 
of the system of external respiration with exposure to accelerations of 
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+1.0 G,, as compared to background data (Table 1). With exposure to 
accelerations of +1.5 and 2.0 G,, we observed a reliable increase in HR, 
MV and EE, as compared to background data and those obtained with +1 G,. 


Table 1. Main parameters of the external respiration system during rotation 











on SRC (Mtm) —— 
Accel i 9 MV, EE, 
ce —F ons n HR/min £/min L/min 
Background 4 7041.0 11,094-0.22 | 1,47+0,03 
+19 15 704-4,0 | 10,87+0.28| 1.524007 
+15 18 80+3.0 12,99+-0 59 | 1,76+-0,10 
+20 9 8422.0 12,734-0,38 | 1,85+-0,06 























Note: Here and in Table 2, ™ refers to number of cases. 


Table 2. Main parameters of external respiration system while pedaling on 
bicyle ergometer and combination thereof with rotation on SRC (Mtm) 


OU, 

Exposure factors |, wid ) nh /h 

Bicycle ergometer 122+ 7,0 —— 17 20,79. 40,08 #1, 

SRC(+1.0 Gz) + li? #7, a pmene 18 + 0,53}38,90 + 1,31] on5 260.0 [13,92 + 1,80 
+ 12227,0 —*8 -4020,44 ., 980 2 56,7 12,1821, 


No changes in OP and OU occurred with all levels of accelerations, as com- 
pared to background data. There was no OD after exposure. During the 
recovery period, all parameters reverted to their base values. According to 
the subjective evaluation of the subjects, these accelerations are well- 
tolerated; they do not induce unpleasant sensations or breathing difficulty. 
This is also confirmed by the fact that there were only insignificant 
changes in external respiration of the subjects, while OP and OU, which 
reflect interaction between the external respiratory and circulatory systems, 
remained unchanged. 




















Most parameters obtained in the case of combination of rotation on SRC, 

with accelerations of +1.0 and 1.5 Gz, and pedaling on a bicycle ergometer 
did not differ reliably from those obtained during pedaling without rotation 
(Table 2). However, OD constituted 885 mi in the tests with rotation, with 
acceleration of +1.0 G, combined with pedaling, and 950 mi with exposure to 
1.5 Gy. These levels were reliably lower than OD during pedaling without 
rotation (1225 mi). As reported by the subjects, the combination of exercise 
and rotation on the SRC was well-tolerated, and the feeling of fatigue was 
less marked in this case than when pedaling on the bicycle ergometer without 
rotation. 
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EFFECT OF SHIELDING AGAINST GEOMAGNETIC FIELD ON GLUCOSE-6-PHOSPHATE 
DEHYDROGENASE ACTIVITY IN THE LIVER OF YOUNG RABBITS 


Moscow KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHESKAYA MEDITSINA in Russian 
No 4, 1979 p 87 


[Article by A. V. Shakula and I. Sh. Galeyev, submitted 28 Apr 77] 


[Text] Our objective was to study the effect of shielding from the geomag- 
netic field (GMF) on activity of glucose-6-phosphate dehydrogenase (G6PD), 
the key enzyme of the pentose-phosphate route of glucose oxidation, in the 
liver of young rabbits. 


Methods 


We conducted our studies on 22 month-old rabbits (11 experimental and 11 con- 
trol) of both sexes. They were taken from two rabbits from the same nest, 
mated with the same male. The experimental mother rabbit was shielded from 
GMF during the gestation period and development of the young rabbits up to 
the age of 1 month. The control female rabbit was exposed to the GMF at 

the latitude of Leningrad, other conditions being equal. 


A triple-layer permalloy screen was used to shield the animals from the GM. 
The intensity of the magnetic field was measured with an iron probe [“ferro- 
zondovyy"] nanoteslameter. There was 600-fold attenuation of GMF within 
the chamber 


The animals were decapitated 1 month after birth. A homogenate of the right 
lobe of the liver, prepared in 0.15 KCl (1:8) was centrifuged for 60 min 

at 25,000 G. G6PD activity was determined in the supernatant by the method 
of Kornberg and Horecker [1], using an SF-16 spectrophotometer (wavelength 
340 nm); protein was assayed according to Lowry [2]. The obtained results 
were submitted to statistical processing using the U criterion of Wilcoxson- 
Mann-Whitney. 


Results and Discussica 


GPDH activity constituted a mean of 0.174%0.018 uM NADP*H2/mg protein/min 
in control animals and 0.088t0.013 uM (P<0.001) in experimental ones. The 
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reliable decline of G6PD activity could be indicative of decreased bio- 
synthesis of enzymes of the pentophosphate route, or reduction of their 
activity in the case of shielding from the GMF. 


These are preliminary data, and further details are required. 


BIBLIOGRAPHY 
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BLOOD COAGULATION AND TISSULAR FACTORS OF BLOOD CLOTTING IN HEPARINIZED 
RABBITS SUBMITTED TO HYPOKINESIA 
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No 4, 1979 pp 87-89 


[Article by L. P. Swiridkina, V. I. Inchina and Yu. I. Grinevskaya, 
submitted 22 Mar 77] 


{Text} In the opinion of a number of researchers [1-3], the decrease in 
muscular activity of cosmonauts plays the main role in the genesis of hemo- 
dynamic disturbances, which appear after space flights. Many works have 
appeared in the last few years concerning the influence of hypokinesia on 
different organs and systems; however, the information about changes in 
blood clotting related to limited movement is rather contradictory [4-13], 
whereas there is none at all in the literature concerning the state of the 
tissular system of hemostasis. Some investigators report an increase in 
blood clotting potential at the early stages of hypokinesia [9-12]. On 
this basis, we decided to study the blood clotting system and coagulant 
properties of the wall of the aorta, vense cavae and myocardium during 
brief, strict immobilization of rabbits against the background of giving 
them heparin, which has a marked hypocoagulant action. 


Methods 


This study was conducted on 44 male chinchilla rabbits weighing 2-3 kg. 
They were immobilized by the method of V. V. Tyavokin [14]. For 7 days, 
the experimental animals (11 rabbits) were given heparin intramuscularly, 
at the rate of 1500 active units/kg weight twice a day during hypokin«sia 
(this dose maintains persistent hypocoagulemia in intact rabbits). Fourteen 
animals served as a control; they were immobilized for 7 days without 
heparin. We tested blood clotting in experimental animals before and 
after hypokinesia. In evaluating the tissular system of hemostasis, the 
results obtained from examination of tissues of 19 intact rabbits served as 
a second control. We used conventional methods to study the coagulant 

and fibrinolytic properties of blood and tissues [15]. The results of 
these studies were submitted to processing by the method of variational 
statistics for interrelated and noninterrelated parameters. In addition, 
we took EKG's on the animals before and after hypokinesia. 
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Results and Discussion 


Heparin induces persistent hypocoagulemia and prevents hypercoagulation under 
the influence of 7-day hypokinesia. Thus, whole blood clotting time 
increases by 21.42%, as compared to base level, and by 3.4 times as compared 
to the levels obtained in rabbits submitted to hypokinesia alone. Plasma 
heparin tolerance decreases by 6.2 and 1057, respectively; antiheparin 
activity decreases to one-half the base level. The overall thromboplastic 
properties of blood diminish in heparinized animals, prothrombin time in- 
creases. Heparin increases the anticoagulant potential of blood, increasing 
thrombin time by 2.6 times. The concentration of free heparin increases 

by 3.6 times in the course of the experiment. Hypokinesia increases blood 
fibrinase activity. Heparin does not have an appreciable effect on this 
parameter. The fibrinogen level, assayed in blood by the method of Kumine 
and Layonas as modified by G. A. Krasovskaya [16], rises from 98 to 222 mgZ 
in animals that are tamobilized and heparainized. This increase is less 
marked under the influence of hypokinesia alone (187 mgZ). At first glance, 
the impression is gained that heparin increases the amount of fibrinogen. 
However, our previous studies established that there is a drastic increase 
in blood fibrinogen (to 224 mg%) at the earlier stages of hypokinesia (3 days). 
Evidently, heparin, which prevents coagulation, preserves hyperfibrinogenemia 
under hypokinetic conditions. Perhaps elimination of the inhibitory effect 
of hypokinesia on fibrinolysis is one of the mechanisms of this effect of 

the anticoagulant. In heparinized animals, fibrinolytic activity of blood 

is 2.3 times higher than the base data and 3 times higher than in rabbits 
that were not given heparin. Administration of heparin not only fails to 
eliminate the increase in functional activity of thrombocytes, which occurs 
under the influence of immobility, but even enhances it. 


The tissular changes are varied. Thromboplastic properties of the aorta and 
myocardium do not change in heparinized animals. Heparin does not prevent 
decrease in activity of tissular thrombokinases in the venae cavae. There 
is a decrease in tissular capacity to neutralize heparin under the influence 
of the anticoagulant; however, tissular antiheparin activity increases. 


When heparin is given against the background of restricted movement, it 
lowers the levels of enzymes of the prothrombin complex in the aorta and 
myocardium, but raises them in veins. It induces an even greater decrease 
in anticoagulant potential of the aorta and myocardium than hypokinesia; 
however, it leads to some increase thereof in the veins. 


Anticoagulant injections reduce the fibrin-stabilizing properties of the aorta 
and vense cavae. Fibrinase activity remains high in the myocardium. 


Fibrinolytic properties of tissves were studied by the euglobulin method as 
modified by Skipetrov [17]. The tissues of intact rabbits have low fibrino- 
lytic activity. There are no stimulators of fibrinolysis in the intima and 
media of the aorta, and they are demonstrable only in the adventitia. The 

low fibrinolytic potential of rabbit tissues is attributable to the presence 
of strong plasminogen inhibitors. Heparin raises the levels of fibrinolysis 
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activators in ali tissues examined, and it lowers only negligibly the levels 
of inhibitors. For this reason, there is negligible increase in overall 
fibrinolytic activity after administration of the anticoagulant. 


Hypokinesia iniuices significant changes in bioelectrical activity of the myo- 
cardium. Thus. . change in T wave (flattening, inversion) and dynamics of 
size of P wave, as well as shifting of S-T interval from the isoelectric 

line, were demonstrated in 13 out of the 16 rabbits examined. Signs of myo- 
cardial infarction were recorded in two cases. Heparin worsened significantly 
coronary circulation: at the end of the experiment; the EKG of over half the 
animals was unchanged. 


Thus, by lowering the hemocoagulation potential and increasing fibrinolytic 
activity of blood and tissues, heparin prevents development of a thrombogenic 
situation during hypokinesia. Enhancement of antiheparin properties of 
tissues and reduction of the anticoagulant potential of the cardiovascular 
system apparently constitute a factor that prevents hemorrhagic complications. 
Evidently, the same factor increases the functional capacity of thrombocytes. 
Improvement of indices of bioelectrical activity of the myocardium, which 

is probably the result of faster transcapillary exchange of oxygen [18], 
decreases sensitivity of vessels to catecholamines [19] and the vasodilating 
effect of heparin [20], is indicative of the beneficial effect of this 
anticoagulant on tissular trophics. 
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THIRD SYMPOSIUM ON MOTION SICKNESS 
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[Article by G. L. Komendantov and A. G. Bystrova] 


[Text] The third symposium on the problem of motion sickness was held in 
Moscow, on 21-22 November 1978, in accordance with the work schedule of the 


section of aviation and space medicine of the Moscow department of the All- 
Union Society of Physiologists. 


A total of 173 people participated in the work of the symposium, referable 


to scien ists, practicing physicians and specialists from 18 cities of the 
Soviet Union. 


Prominent specialists in the field of aviation medicine delivered papers: 

B. S. Alyakrinskiy, I.I. Bryanov, V. N. Barnatskiy, Yu. A. Vasil'yev, M. D. 
Yemel'yanov, Ye. Ya. Kaplan, V. A. Kislyakov, L. A. Kitayev-Smyk, G. V. 
Kovalev, A. V. Korobkov, N. I. Kostrov, V. Ye. Koryukin, E. V. Lapayev, S. S. 
Markaryan, A. D. Matveyev, 0. Ya. Plenis, K. A. Pimenova, B. I. Polyakov, 

N. A. Razsolov, S. I. Stepanova, P. I. Syabro, V. V. Usachev, A. A. Shipov, 
I. Ya. Yakovleva, A. I. Yarotskiy and others. 


The agenda topics were pathogenesis of motion sickness, questions of expertise 
and pharmacological prevention. 


In his opening remarks at the symposium, Prof G. L. Komendantov, chairman 

of the organizing committee and laureate of the USSR State Prize, commented 
on the ever increasing social significance of the problem of motion sickness 
in connection with scientific and technological progress, as well as changes 
in work structure, progressive decrease in share of physical work done by 
modern man. This is associated with decrease in statokinetic stability 
which, in turn, leads to decrease in nonspecific systemic resistance and 
susceptibility to disease, For this reason, modern mankind has been con- 


fronted with the tremendous task of developing appropriate preventive 
measures. 
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Prof M. D. Yemel*yanov shed light on some new aspects of pathogenesis of 
mution sickness. I[t was discussed as a special case of a neurodystrophic 
process. 


in thelr paper, N. Ll. Kostrov and 0. Ya. Plenis submitted some Interesting 
material on distinctions of man's adaptation to long-term flight service. 
The new biorhythmological direction of work on motion sickness was reflected 
in the papers of B. S. Alyakrinskiy, S. I. Stepanova and A. A. Koreshkov. 
The paper of V. D. Yustova contained data indicative of the need for 
quantitative evaluation of equilibrium function in medical certification 

of fitness for flying duty. 


The paper of I. I. Bryanov et al. submitted material characterizing onset 

and development of motion sickness during spaceflights and in the readapta- 
tion period. It was demonstrated that resistance to motion sickness is 
determined to a significant extent by the distinctions of neurohumoral regula- 
tion. In these authors’ opinion, “sensory conflict" is the main pathogenetic 
mechanism. 


A new aspect of analysis of function of the vestibular analyzer as an infor- 
mation processing and effector control system was described by Prof V. A. 
Kislyakov. 


The paper of V. V. Usachev submitted the results of a many-year study of cor- 
relations between hemodynamics and vestibulovegetative stability. 


On the basis of analysis of the literature and his own material, E. V. 
Lapayev arrived at the conclusion that the existing methods of modeling the 
etiology of motion sickness, which are currently used in medical certifica-- 
tion, are probably too strenuous, and this leads to frequent rejection of 
flying school candidates. The expert certification process should assess. 
not only vegetative stability, but stability of professional flying activity. 
The latter statement was in agreement with the contents of the paper of 

O. P. Yakovlev. 


The papers of Prof P. I. Syabro, Prof G. V. Kovalev et al., V. N. Barnatskiy, 
I. I. Voynova and Ye. Ya. Kaplan (dealing with pharmacological prevention of 
motion sickness) were very interesting. 


Apparently, dibazol [benzimidazole], phenylbut and other derivatives of y- 
aminobutyric acid, as well as combinations of products with physiological 
procedures (creation of dominant foci, etc.) (I. I. Bryanov, P. I. Syabro, 
G. V. Kovalev and others), are the most effective agents at the present 
time, 


Current scientific requirements were described for the process of evaluating 
products for the prevention and treatment of motion sickness at different 
stages: in experiments on animals, clinical trials of drugs (Ye. Ya. Kaplan, 
I. I. Voynova and others). 
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The paper of V. N. Barnatskiy submitted new data on the use of sodium hydro- 
carbonate for the prevention and treatment of seasickness. A. G. Bystrova 
proved, in experiments on animals, that sodium hydrocarbonate attenuates the 
process of summation of reactions in simulation of motion sickness, thereby 
disclosing one of the mechanisms of the beneficial effect of sodium hydro- 
carbonate on the process of motion sickness. 


Lively interest was displayed in the report of I. S. Maysheva, who studied 
motion sickness under real conditions among passengers of modern civil 
aviation liners. It was established that 7 to 10% of the passengers suffer 
from motion sickness, 9-10% request pharmacological agents aboard an air- 
craft and about 1.5% take them on their own. 


The following participated in the discussion: Yu. A. Vasil’yev, S. S. Mar 
Markaryan, P. I. Syabro, M. D. Yemel’yanov, M. S. Denisyuk, E. V. Lapayev, 
N. I. Arlashchenko, V. Ye. Koryukin, M. B. Zabutyy, B. I. Polyakov and 

V. F. Solodovnik. 
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